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mOTOxirj^FUg 

The present invention relates to methoH. 
activating CTLs v/.o wit. specifilT 

- :n.r ::::::: ::::: - - — — 

=PP.i« .r, J :7 "7""- ---- 

-.0.0 . .V jec. j:r;:r:::: -~ 

no,e<. abov.. However 7 °' »' 

-a=i«ca,„ n jr;,:r° — .» 

Cytotoxic T lymphocytes fCTi ci u- . 

•--.ip» a J : : • - - 

-»co.p.,«,. : : - ■ .vp.. 
~ .a.i,v „„ri ; 

'ea»onse. The MHC ganes «ch 7 , 

-i.an, c.„„,ex, J. L ,: ;' *" '--V.e 

.e pJ::: - 

01 .Issue t,a„spl.„,s as ■„.„.„„-. TH '"»''"»*'» 'o, ,ec 

gnition 

intimately involv d in r coanition ^re 
cognrtion of antigens by T c lis 

-"t^r-—^^^^^^ 

press C04 and are primarily restricted 
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Kv CI3SS « molecoles. «.he.«as CTL- (CD8 1 exp 

.^„„„c =«ec.., cen„ ,.»..c «U. . ^-c^' . ^^^^^^^ _^ 

„.,.es ..... .-»v - ^— :::::: l..,,. 

. complexes o. MHC ^..c.tss ■"^'^^^s »' ' 

,p„,n P.O...S e..P-.s. „ PSP.- 

„«s. in comrss., con,p..x=s ol MHC ^ ^^^^^^^ ^^^^^^ 

p.oduc-s p,.v 3 .P.= in ^^^^^ ^,.„„, 

' t : ;:n.p -p^-.- b«,n, 

fo, ™n, ves-s, °" „.ns, *ss.ses 

,„,.,in= v,™se„ ""-■•■^2 v.cein„.n w..n a,..n.3,.e 

. n,3V „ J,,,, „„K „„„.,.s.s p- esnce, ceUs. 

,5 MP,.»ve-. '''"t ,„;s *.;c* «o.» be ,o ,.™n« . 

,„™nos.PP-.ss.d P».n. . O^^^^-J cTU in.o .h. 

^,athy Wivldusl. isolste .h. CTLs from 

individuals. transgenic strains) to generate activated 
PS. P. n.»us. su.ns ,.nc u-^ - „ ,„„ 

CTU nas np. ..w.vs b..n P--'. 7 „ ,„ ,„„pno,.,lc 

.„ .„ppp,p.= -.spo-p ..... - 

,„ppns. .sv b. d" j ' " ,,3,., ,n3, op.P.«. 

30 ,n,.n..P ™c.,.n, P- « ""^ ^^J^ ^ , ,,,«es pn«p. <», . .-en MHC: 
F„, example. It has been Pbsetv. ,,„.„,;,„„,„ pa„ipplar MHC 

,„ p..e, WP.S, P.-.a,n an,.enlc pep..es P,n P^. ' P^^ 

- ::r boiv...Pbic, 

™,ePUl.. Fpr,ne,n,P... MHC m . ^^^^^^^^^^ ,„,.,3„ 

35 a, leas, wp P'»bl.n>s. F.'S.. * i„ ,ha, 

pppppes bPPnP ,P P,eclselv » , .,. p,„e,en. 

MWdp... S.cpnd.CTLs,e==tvlo.en.lv . ".h.»C« 
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some time and is termed a„o-reactivitv It • h 

reiection of transplanted organs ' " """''"'"^ °^ ^''^ ""mune 

---- -™ 

«nd two unrelated persons with the exact s« ^'"''^'^'t '° 

-son. at least one researcher has ta J h ""^ ' '^'^ 
"boosting- existing CTLs by incuh . "°"-Pecific approach of 

' HOW... „,r:r:::: : ::r --^ - • - - ^ 

expansion o( those cUs whfcK ,„ , °"'V eltow ,h, 

='w.y. 30,,.. „„, „ J' : :r «... „ 

»ocum,„„d „ ,,,, .t r.„ „o, 

.""sen, . gi.,„ Class , ™,ec.,e c.„C ' 

--bar „, .,v„s.s ,„„ ».».!..,. As ,.e 

w.„« : : " — ...... ,..„„e 

.„.„,, 

-'...n. 0, pep.,.es. AccoZ " 7 "'^ ™- 

P.P.«.s Pouno ,0 „„. „ e,.ss' „oC " """" 

As selection seems to be th 

~. ™. ™, jsucp """-^ •» - --^..v a,ss , 

" in*iPu.,s P.. ,„ LZ Jc : °' 
cPncVaPly e,™™,. .„ ^^^^^ ' ™' . .™. p„3P, 

Ho"..... individual „„i.,i„„i, ^ 

*"a..n. .o^s o, Cass , :™,„„,„ . ° " ""' »™ ,00 

" " i" "P. PPBUIaiion. 





pcrraswiMis 

WO 96/1W09 

A- 

K„d . ......y »< PW"""' """"" 

„ CSS , „^ cus ». .h. »-n.™s,s.... 

.0 „., .n. ««..V P- - ■ „ « .p.,..in». 

|„„uo. system. Since ,v.., P»s.bls « P „ „ 

„„,.s,.. pv ... - r: „ ......... -P. - 

I1K.1V ."P"""- ™ „ ,s incased b, s.m. mean.. 

, 0 0. S.H pep.".' "P™* 1 ha.. CTLS .ha. can .,..9™" a.a d.s«»V 

,ho». ..a. l.-l.P..« . .,„„lca.. ...h .... .» - 

„„s .«p.essin9 s.« peP"— " „„„ „„s. 

„,c.mlv, 1. .as «>"•"» " ^ cTU. This s.,9.s.s «" 

, 5 „«h, cellular CCP^e.. P'°'""' " 'rldll.l." .o ... P.P«" 

pap.ldes ..cod.d PV PP"-™-- ; ,„p.„sas a,el.s. ...c -s. .See, 

™,an.g..=a.ca.P.P°<«"""'™=" ,09.7,3 11993): Boon, aikJMMl 

- "'^^• Lspec... P. ... - — - 

3„.i,.ns and .....Pv ... ' »' „ 1. Is dasl-aPl. 

„. ....... .vail.... vecc... - ' ^ » , „, ,„.,,„,e d...,.l.an.s. 

Accdinglv. I. » a" "Pi"' ' „ „ ,„h, .omors end 

,„.„,..en 0, POPS. ... «V Pl ^^^^XJ^.a^lc- cpPsUl. < 

„al.nanc,.. ^^2:^^^ sva...- ^ "'"^ 

- rr::.— ^^^^^^^^^^^^ 
..j::::rr:r:p»-.«-^'— 

--;rpr.:=^^^ 

immune system to f.ght or preve 
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NO , „: VMAGVGSPW ,SEQ 0^0 ^, ''""^^'^"^ '"^ » 

■~V ,S.O ,0 NO u . ,. ° ■ " «° - 

:; " »' — — . 

comprising , p.p«, ^T,™'^- — <- • ™,ec„,. 

cytotoxic T l,™„hocv,.s ,CTL« Wh.cv,.s „v„, 

- p».p.p,«. i. J :::::: -«-™ ...... 

u;.:r. ~r:: ~ - 

thereof. vircAAPPV, and sequential subsets 

, — - --n,i::::::;:~ 

disclosed herein. CTL »nir '^''f' ^TL epitopes are also 

,v preferre? Z^T^ ^ ^ 

and Her-2/Neu epitopes Exemn. °' '"'^•"de p53 

-OGLPHHW, and -L.VVvL ' 

Pref rred: STPPPGTRV LLGRNSPPv I ^^'^^-^^ 
-o.s and sequential suHTC ^ — 

The pr sen, invention also discloses a varietv f nh 
compositions. One embodiment of such a com '"'""^'^ 

such a composmon comprises a polypeptide 
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. i,h a CTL epitope: exemplary and preferred epitopes 
15 ,„b.dlmen«, *e pepf* """" p,.....>.lv. su'" 

— rr— ^^^^^ - - 

p,„e„e. acceding >o P.e-"> •"""■"2,^ ^ . is se.ec.d 

al„,P3tiv. »3,..mns. the peP^e -n V hete,ppolV">e'- 

,„„..„ee. .0,0 3 ...... 3. . -"-7;; .-v.... o.. c. . 

„,...,;,p ..... -'e p.e.e,3«V * ^^^^^ ..e a»s , 

30 ..lecule. .re h..." Cl.s. MH ^^^^^^^^ ^^^.^^^ 

==r;=-r.::r,:;.™...-.-" 



35 

need of treatmer« 
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=;rr=::~r:r;r,r"--' 

polypeptides on their cell surfaces- conLf 

actrvate, ir, an antigen-specific manner, the CTL cell.- h 

= T'^'r""-~''-=-^^^ 

AS no,.. . „ »«. 

:rr ~ ™— - — 

thereof. In various embodiments, the Class I mn.o. . 

„ , , . ' """'ecules are human Class I MHC 

As no»d previously, various m.,^.os o, specific,,,, ki„i„, „,„ „. 

rT"" *™ --od .S.S spocic, Ivl cts 

^ n, ,„ ,„.v„„3, i„ 0, , .oiecu,: „i : 

ol °' »" " -^"-""'V 

.he T ce»s „„^ ,„ „, , 

produce activated CTLs; harvesting ,he activated CTL- ... . ■ 
aoiivm.HrTi . u . ' and adminlstenng the 

act, ated CTLs to the .ndividual. Useful antigenic molecules have already heen 
disclosed hereinabove. ""reaay oeen 

Also conten,„,a,ed Pv tha present invention are n,e,h,ds provo.in, an 

,7:;:; 7°°"" " ' »n. method, a c„o,o, e V 

V^Phpcy.. ,s contacted „i.h an i. s„onse.provo.ng en,oun, o, a ntoiecoi, 

comprrsins a peptide derived fron, , tumor-associated protein Exen,„l 
P^vpaptidas. analogs. ho™iogs, and sequential suPsel reo:::::!::. 

Zur,c7 d'" °' — «p"-" 

^"^-^'VV, or se,u.n,i.l suhsets 

prelerel ""V"'""";' -"^'^^ — g step occurs v,Vo .. 
prelereblv, In an the, .n,bodin,ent. the contacting ccurs ,n v*o ,n 
300.h., varlati „. the method lurther co.p 1!:: T 
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. hn.t Another embodiment discloses that a polypeptide is co- 
cells to the host. Anotner em . t hnioar response. In one 

"■^•-■--"r:r:;r:=:r 

(CTLs) responsive to a specific T cell ep.top ^^^^^.^ 
the test sample is to be assayeo consisting 
) of STPPPGTRV, LLGRNSFEV, lymphocytes to be 

specific CTLs, tCTLs) having receptors 

Methods of detecting specific cytotox.c T cells .CTLs) 

herein. One such method compr.s 

- ^^^^^^^ 

p,„.™= ol the spec.f.0 CTLs, comactmg „,i„„i„i„g ,h= 

— ' : .:..o. .o 

" — :r:: — » 

::::::rr.: 



mearis. 



-"0'-"---'-7;.:::rr;:::: - 

„„ous a„e,..iv, p.oce...es us. =cco,.,n, ve ^^^^^^^^ 

e„.p., CIS « .vsed us., a ^V-"™' ;* '^^^.^ „„„„„ 

*a. is l.e of uabound labeled molecule. 
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Polypeptide to the sample to fo 

^ ^ 'll-^'"-'- ™-«n, ... „„„„ 

»or»p.p«.„. e.,.. i^j^;;"'"" »' 

CPn..,i„, „ STPPPOTRV. UORNSPEV K """" 

«vp>p„»„ ; --'-sp.,,.. „„„„ , 

STPPPGTRV,„,LLGRNSPEV p ' """"^''''V. 
-.<PI as d.scr*„. • ""-""«v homo,oso„, „. 

in various embodiments the 

-».^» ..«„ip„, 7 •» » ..«d ,„ 

"""" ... p,.„™ r °"' »' 

-'."PC. , PP,yp.p„„..„ "■■"»'■» «.m .i5„.„„, 

'°™ . cpp,,,rr::r''°'' "-""^ y ,„ 

™™po'..c„„5 , ,™o,.„irr 

embodiment, the antihnH 

™'«"9 .P..C, ,p,„„„„5,<„„„„ '77""'"'" ««- Poaipp, ,pe,.p,, 

^'"■"■"•"""■««. ™p.ppp»,pP„„„ 




pGTn3S95/l64l5 
WO 96/18409 

— ::i — - , 

„ol.=al.s as .UscK."" ""«"• „„6i„M si.... 

... ,„.ep.pn CU .pUoP" »• ^"'""^ 

consisting ot 51 f''''^^ 

subsets thercoi. ,„s, about eight amino ac.ds an 

one variation, the .oiecu.e co.pn e ^^^^^.^^^^ .^^^^ 3bout 

♦H«n about 50 amino acids, in another, t yet another 

,c fewer than about = ,hm.t thirteen ammo acids, mv 

.„p,M, 0-"'' o, . ..*o..b... - 

'° — ■ ■ ^ , ct. .p..»p.-. - '-"^ 

,pecl,lc .vsis (% SP«>«' °' f 1,„ !, pep,.-.. ^'-^ 
peptides bound totn- u 
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•ys'M%-SL) is given on the Y a. 

«-en on X-a.s. ""'^ ^ e«ec.. . ..e: ce. i^ 

Figure 2A illustrates lysis of t 

°' pepti.es P53.25-35 en. p53 usZ -u.ts 

-wangle,, .spectively,. ea^K^ ce', ^A2K«.p53.U9- 

r r ~ - -en o "3r;: 

Q Closed triangle) are given. ' 'EL-4 + p53.25-35; 

Ffgure 2B illustrates lysis of 

Figure 2C illustrates lysis „, ,„ 
°' "^''■*P53.,49.,57; .J " """"" '"^ «K> ,49,. r.. 

4 + p53.149.i«;7. . '^eP'"«"ce of D53 

^ '57, closed triangle) are given P53. 149-157 cells (£L- 

F'gure 2D illustrates lysis of t, 

■~ „ '"" 

'E^-4.pS3.2e4.272; „. ™ «' P=3.2.4.272 c„. 

'"'gure 3 illustrates CTL m w 

„t7" -c.n. spec* sj "° " 

P" ,273,; e,os« c:c,::t:7"'°" - — "3 

Figure 3B iliustrat s lysis of t, 

>OP»0 c„c,e, : Cn A2K. «. r., 

Figure 3C i||u,rr« . . ' Circle) are 

given. 

VS'S Of target cells With CTL A2K- 149 Th 

1*9. The results of 
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^,K. *^k''c1" '^^K'r"3.*«'"'-. 

peptide bound to AZ. ,,,,,3,„ithp53 0W«''«l'""° V,,.,. 

pp,„t,«n,».. an- ,,p„ ,273. .BA«.., p.3 a"KpS3.»9 

t.A2.1K-.ntMSU.<.c.olth.EA2K 

,67; clo..d , „,„ „i,h CTL A2K- 264. The r.sul.s of 

,0 .0 .A2K.., PS3 U73, ,c.» ^« ■ ^ ,^„,.,p„.2»-272. 

:„d. <» - :::: . :«72 -» a2., on 

the sufc. of*. EAi-;- 

, , „, ,a„et cel. C^L ,n.. — "r^"!^. 
F„u,. 3E i,lust,e..s .vs.. o .e.SJ „6 . A2K H.V 

, iR2b The percent specific lYS>s V 

r:':. - - "r::::.. a^. 2. ..0,. 

f ,„,e 4A 'V... o' * c .0^ — 

S..S.2 ..... ee.,s e.one ,Seo.2. open «. - ^ ^^^^^ 

. n„..n ™<en. P» 9'™ ' J „, ce«e CTL AaK- . 

.„ed o.,c.., »e sn,»n. ,n ...a ^ .,„ed Ce.a, 

,„t,a.ed. Tneres...au«Saos2IP 

,e,9.< ce»s a.e glv.n- cTL A2K- .49. The .es* 

B,P.. 4C i...-..a= 'Ve.a o „„„ „„s wi.h .^e o" " " 

„.„,n.d Seo.-2 .open .'.a"'"' ,3,...,„„. pS3..43-.57: 

peptide .pond ,o A3 on the., c... - ' „,th CT. A2K. .43. 

The results of Saos / » w 

•,w CTL A2K» 264. The results of 
4E ...oa..- .a.a o, ,«„..ad. E.«.a 
..pe.2 .open Ce.e, -n. -■-':::rcot A- H.V-po,. The ,=ao... o- S."" 
4F »lue....ee ,v».a «. ."Sa. , ...Is a.e sh.»n. 

2 ,„p.n o.-c.e. and S.oa-2/.75 .closed «c^ ^^^^ ,p.„,.c 

,„o,. S ....a..a.es ; ea deaclP.d In 

' p«,,des dcnved „0. He^-o Poo. . - ^^^^^ ^„ the .a,.o 

2A3. Th.pe.c.n<speci.-.cW.»'* 
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«" elector to target cells (Clone 12 JE/r„..„- 

generated .o. transgenic " '^'^ ^2, 

'SEQ ID NO 8) a, H ""mun.zed with the influenza G m-t • 

" NO 8) as described in Example iA2c Th r ^•'"«"'' Peptide 

^ave the same amino acid residue sequence ,h 

Her-7 (closed box,, Her-S (open trLl, l l "^'"^ 
A2-1/K^ on the surface of th EA2 " ^^"^ - 

6 illustrates cC, '""^^^ 
peptides derived from Her.2/Neu bold to'tT ""^^ 
' ^A3. The percent specific .sis (o. ; , '"^'^^ « — d in Example 

Of effector to target cells ,E/r, is given on h v " " "-"''^ ^"'^ '''^ 
target cells with CTL that were generate " ''''"'^'^'^'^^ '^^'^ of 

immunized with the either the Her-3 m T ''^^'^^ ^ 

-Pectiveiv, is illustrated. The resuirH:3 b'T '"'""^ 

cells ,EA2K^.Her-3.pep (dosed c" I °" ''"^'^^ °' 

~- - ceiisirpZ """-^^ 

results of Her-y bound to A2.,/K^ on ,h, , The 
pep (Closed sguare, and EA2K«.Her 7 " '""'"^ ""^ 'EA2K».Her-3- 

Without peptide (EA2K^ closed .C::;;:;;'' ^A2. 

f^'g-e 7 illustrates CTL-mediated lysis Oft! 
endogenous Her.2/Neu specific oen, h . "P^"' 

T , =>Mec(Tic peptides bound AP i /k^b 

Transfected With the Her-2/Neu Genel as d k '^'■^•^2^' 
specific lysis (-^ s.^, p,,^,^, ' j'' - Example 282. The percent 

cells (E.. is g.ven on the x Tt; °' ^''^^ ^ 

fA2K^ x C08, immunized with the an HIV J " '^^"^^^'^ 
THe results of the Her3 ,H3-pop, CT ^d T "'''^ "'^ '° "° 
open Circe, and EA2r with A2/K^boun ' '^^^^'^ 
'-m a Her-2/Neu gene (EA2K.Her 2- " 'h ^^'«''^« 
•vsis Of target cells EA2K» ,EA2K^- C'^'-mediated 
endogenous Her-2/Neu peptides (Ea":"!?' ""'"^ 

mediated lysis of target cells EA2K' ,EA2K. '"'^"""P' ^TL- 

^oond endogenous Her-2/.eu peptides (El2Krerr!'' ^"^ '^''^ ^^'^"^ 
Figure 8 illustrates Her-3 H.r triangle,, are given. 

~ ' --e.. ;:r 3«r;~ " 

Th results of the Her-l rn ''^ *^ S'^^n 

-^DA 23.,. and MDA 435 ,MCF-7 a, J " ' °' ""^ "^^^-7. 

-A2 NeuMopen circle,, MDA 23.1. >»^»Neu^ 
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u »nrf Her-7 CTL-mediated lysis 
„ c* MCP.7 ,c,.s.. .v.. 

CTU ,.P." ^ Cosod »c«,^ : ,.„,„i,lon o, .ndogonou.v 

„n,n.sl». PS3 .puope. P, P""""'"' „ „,o. ,„ .,s. lOA an. B, 
elo,., CU »». ,.n.,..ed PV -7- 77; J ,„o CT. »e,o P*- 

CTL, vero pnm=d wl.h A2 264. » ^^^^^^^ ,„ , 

0,o„e. speCC •■C, ^ on. C: T2A2,K. 

,0 e.no. "c. ,o,o». *,o,. ., o. t2A2«. . 

053.264.272 ,c.,«d «u.,os. ^ 9 • ^ ^ „^ ,„^„ ,..n,.=s, 

„53 149.167 1.1 » P53.264.272 CI. sao,.2/175 (closed 

:.n. con. uon..c.d ... ■;; -J^, «.e ,,,.3. =• 

Bg.os 1 lA ond 6 ««« "■;'^'"^„^„53.,«.167 and 264-272 V...C 
30 p63-spoci.lc CTL Unos. CU «nos .PO^-c »- ^ ^ ,CU 

LoP.S-d A2.VT, ,CTU A2 ,49 and CU A2 ^^^^^ 

,g.,n„ nonp.P«d. ond p53..49 5 P ^, 
,„.2e4.2,2.po,oed T2 ,0... -Jl,,,. o„, CO.. »a,. CU A2 

35 o ncon„..,on. .0 P-a T - ^.^^^^^^ ^, „ «4 ,c...d 

,49 ,c,o«d cWoa. ... CtU A2,K 149 P ol 
„o.os..UndCTtA2«-264.opansdua.aa. 
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f^'Sura 12 il/ustratesthfl ■ 

P'gures 13a and B ill 

..e were ass^ve. ,1 ' '"'^ '''''"^'^<^ L To 

^«^Pective)y. PentidPc """^ the H7 and '"A^.l-Tgor 

y- f-eptides were used to pulse T5 . k . H3 peptides, 

concentrations Po,^ ' ^ '^''^'ed tarqets tK • 

"ons. Percent specific Ivsis /c ,.1 the indicated 

"• 13A, ,H, p„,„ c.„c„„.„„„ 

Figures l4A-Dillustraf«.K ■ "say. 

M0...3,. j: - 
30 „o, J, '■' 

figiifes 15A-Dsh„„„j,,„, ^ 
"""" ZZ - su„«. p, 

^ - ,^ : " p- r.A«. ; 

' ">«H7, Pis,., sc 
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• 3t E-T 10:1 in a four-hour assay. >" 

3„,.S0,CTUpopu>a.ons.0a«.^^^^^^^^^^^ 

. CsfiniliflOi . . . , . , one formed upor. chemical 

^"^^^MToolVPeptide « its pept.de uov^ever. residues 

digestion (hydroWs.s) of a poWP Howe^ 

10 amino group P'"- .^rboxy terminus of a P" VP P 

and adopted at 3 • correspondence: 
shov^ninthefoliow-ngTabieof 

15 .ABLE OF CORRESPONDENCE 

i-Lfillfil tyrosine 
Y glycine 
G phenylalanine 

F methionine 
Met 

M alanine 
Ala 

A serine 

Ser . ^ 

S isoleiicine 

lie 

I leucine 
L threonine 

T valine 
Val 

V proline 

PfO 

P lysine 
Lys 

K histidine 
His 

H giutamine 

Q glutamic acid 

E ^^"^ Glu and/or Gin 

Glx 

Z tryptophan 
Trp 

W arginine 

R aspartic acid 
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Asn 
Asx 
Cys 
Xaa 



Asn and/or Asp 
cysteine 

Unknown or other 



10 



15 



0 



" should be noted that .ii 
by formulae have a )«ft , '«'''"e seau«n 

^^^^ 

- - a sohst..ed a. : al!-"" """"^^^^^ -«.t.,on a 30 7 
"--•c^ed that such a 00 °' "ns.bstituted oa " 

3 Polypeptfde also d/sp/ays ,h« ' ^'^''^ 

*ome instances, the replacen,.? ""'"'^ '"'''^^ activity 

'='^-9ed ionic residue such as a k ""''^ by an on 

'^^^ term aoiazady in irs 
•■'"'""nogiobuiin nioiecules and ■ '^''-^ - "sed her.- 

"-oleculesi. . '"'^""°'°9'"cally active „ ■ '° ^«'er to 

•'•---^n ibod " - r::""^ ^ '^-^-^ 

^ ^""Dody mol cui«e combining site nr 

'bat contain tho 'bose portions nr ■ ^"bstantially 

" 'be art as Fab, Faf, 
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10 



15 



p,rfcul» awno .c.d ,„,e.cMnge»'"v 

"7^ii„.s canected o™ » the , 

deletions of the re givcosvlation. sequ 

• o= o< the molecule, e.g.. 9 y equivalents. 

< rs to the acquisition ot new y ^ 
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^- DetaiiBri pp^^rifTTinn 

Normal p53 protein acts as a regulator of the cell cycle In 
damaging influences such as uv response to DNA 

It is not known to what eytpnt th^ 
frequent genetic change associated with h « «^ ^) tne most 

ce.u c.„.„, ™,.„„: ,„ j'z " ^-^ 

Ho. ^ u overexpressed due to 

decreased breakdown. 

itSQESLafiS^: 4168-74 (1992)) 
It has also been reported that the antibody response to o53 in h 

Wtspot 'Scl1teWhol2,eIal.,SUmaJss^: 6380-4 11 992]l Th. .„, k 

~r":~^^^^^^ — 

. ^ 9 o byth ,mmun system, which means that 
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normal cells. possible therapeutic principle is 

The concept of autoimmunity to p53 as a possible 

L bv the ,n vitro arousal o, CTL responses against a wild type p53 
3.0 , .^ss . mo.ecu.e. in the relevant study, 

peptide presented by the HLA A2.1 ^^^^.^^^ 

hMltnydonore. Theexl.m „„, howv.r. IntetesOnslv. 

He,.2,N=u, >.hich IS k.o»n as c-=,I.B-2, . pro.o-oaccn. *. 

encodes a luo ^i-'** ' j • ^ rMimher ot breast and 

5 v,„as. 3c,«,v. o' .... ^ 

«H rnrrelates With tumor aggressiveness, suggesiiny 
an imponant role in tumor growth. ISee,a.9.. .„„i6,d as a grov^t, 

,,,.„4 0993,.. T.a Her-2,N.U pro.aln .as -^-''"^''^.J^.^sn. 
t„ ,.oap.or.llK. protalo. IS.a, e.g., D-re. e, a,.. ^--^^^^ ^3,, 
. M,t„rP 319- 226-230 (1986); Yamamoto, et al., miuifi.^ 
20 Bargmann, et al., mm 31 a - 

< 1 93^* H .Pnuence to the epidermal growth factor 

'"^ 9^^^^^^ TKa Har-2«e. oncog.ne 

„,0.n, . *o axparl^nta t.a, at least ...e - 

„oognl„d or, ovarian caneer cells Pv .-or-»ecl.lc CT. .loann, , . X 
I ,46 17001199111. Another study has proposed tnat the sensil. Y 

1,1 r cans to CTL.n,adlat.d lysis is essoCa.ed with the leyel o. 
ovarian epithelial tumor cells to 

..„,essio„ o. »er.,Neu, intimating that this "^^^ ^ZZ^ ^Voshino. et 

- °".r3:::::r;:i:e:r^^^^^^^^ — . , 

al., f, h^T"""'- ^52. 239 J I taa „,„rf„rts seem to be logical 

- y nPnTlTAA) is unknown, but the oncogene products seem . 
associated antigens (TAA) IS u 2/Neu expression and the 
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M f'uaes corresponding to amino acids 971 qftn u „ 
(loannides, et al. Ceflular lm« . , Her-2/Neu protein 

^flular Immimol lf?i: 225-234 (i 993)). 

.0... :::r::v::r:: :r "« » ---'v ,„„ , 

Thus, an exemplary polypeptide of ,ho 

PP.P.P.., ™v ... ,„ : " - 

or « cl.,iv.tive of any ot Ih. („„„„ . Her-a/Nei protein analosue. 

POW,M. .ay ..V, a„ ir?' ' 

"'™^'^^'<"»"y»qi-e„,ia,,„p„is, Hereof 

■« . powr ::r :: ::: -.'-.y .e,oe„e 

..0..™.-., ..J 2:^"^:^ " ~-POn<.» ,0 a 

correspond., ,„ Z ~ 

P'o...orp,.pep..e. .or J;::"" ° 
residue sequence Of a nniw •/ ^BCDEFGH represented an amino acid 

' -^^Dt^DEFG , and so forth. 
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"^rr;::::: ^"^^^^^^^ 

carcinoma of the breast, ro , Pxoressing cells, thereby 

dmerem antigen., I.. o, ,un,o....«.ed 

p,„,el„s «, nu..o,id, «,u.nces a. 

1 5 - '='V3t;r::;~: :sea . ho ...... 

aOBNSF.V ISEO 10 NO 41. In = - " „„„„ al„ 

,*v,ln, an,lno acid ,es,.-.e ° J""; T.OOLGISWL 

,„ „0 ,3,1 an. '-"-^ J" l^;" :!„, pp.pap.l.es a, ln,a,a. 

„i„ hava *. sequences ,u« as .^^^ „ 

25 aa.anc.s .a. :i.o acl. l-aa. .a...a. a,a ,na 

30 ,„v.-intl,asub|ec,itivan,lon,acco.Pin9lV.neadn»t 
P,e,e,..4 paPtiP" ' „ ,„„o„,„3 peptidaa: 

,e ,«n..lcal, PP. a.a a. Las. — 3TPPP=T«V ISEO .0 NO 

3, :;rr vr : - . no .i 
^arrain ,. . ppivp.p.- — 
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caiuues, commensurate n size with PnH««^ 

°' — °' — ... .,e I.:;: ::rr.r"' 
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.c«., o, .H. poi,p.P«- ;;;; .„„ ^„,.r^ 

• wi, tho npntide will be as small as possiDie wniic 
Desirably, the peptioe wm disclosed herein. 

^•.th or without cell Killing. .^.^^^ ^^.^^ p,3..,,„3 

V.ious :Ctantia.lv .st..n. its .o.o.ica, 

within the polYpept.de of interest w.t substitutions, deletions 

5 activitv. such modifications include. - ^ ^ ^^.^^^ „ .escri.a 

and additions of other peptidyl residues. C,-C, alkyi 

herein and as appreciated in the art. glycosylated, 
A polypeptide of the present .nvent.on .a o 

e M <:vnthesis. For example, if a non giy^" y 

i.eM. .... ... -O'VP.P..-' v.d ......... »■ P-'- 

,.„.,... .n.i.o*.. . ....... « p..-™ 

expressed in or on cells. In var.ous ^^^^^ ^malignances. 

« ,s3, H.,..He., o, ,op..., -<-;;;;7 - — — - 

3, ....n-,P.S.S....UV.P...O.^^^^^^^^^^^ 
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both termini as described herein. 

Accordingly, a molecu/e of the ora^n, • 

"7 ~. „ c:zr:::: " 

substance, wherein the substance i. c . conjugated thereto a 

~ - ^:::::::z:r°"'''"'°'- 

av.il.bl»n, Of .pp,„„,ia,e „„„„ „„ , ' " ''•P«"*''9 on ,h. 

^ ' "'^ ""Orescent assays and the 

Preferred enzymes include alkaiino „k . 

.acl, „ Sopha<,.x. chro™,"!!!' '""^"'"^ 
include l„™„<„.„,. ;™ ™ 

^° np„p™ „ - -,.b. co.p„„„,,, „ , 

-c,„o „„„,;:::v;7; 

antigens that stimulate CTLs. ^"ponse, and other suitable 

- p^v.c. o, p.. i: ;r »- - -.vn. 

i""0-u=e. „ c- o, N ' ,„ " =«■ c.n b, 

'^'-lermmus of the DentiHo i 

present invention can differ from th« ' ""''^''^^ °' '^e 

acylation. e.g.. acetyL! — terminal- 

-■-t.on, e.g., ammonia. me.h;ire t ^ -inal-carbo.y 
'"ay provide sites for linking to a suo.o^ '""^ modifications 

function. ' ^"'""'^ -olecule. thereby providing a linker 

■^H ''^ ""'^^'^ the p53 or Her 5/w 

35 or analogs or homologs thereof that P-«nt inventi n 

may be modified as necessary to provir ^ '"""''"^^'^ stimulating activity 

<-oved pharmacolog.3. chir::: " ^ - 

while mcr as.ng or at leas, substantially 
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retaining the biological activity of the unmodified peptide. For instance, the within- 
described peptides can be modified by extending, decreasing or substituting amino 
acids in the peptide sequence by, for example, the addition or deletion of suitable 
amino acids on either the amino terminal or carboxy terminal end, or both, of 
5 peptides derived from the sequences disclosed herein. 

When a polypeptide of the present invention incorporates conservative 
substitutions of the sequences corresponding to the p53 or Her-2/Neu proteins or 
polypeptides depicted above, the substituted amino acid residues are replaced by 
another* biologically similar amino acid residue such that the resulting polypeptide 

1 0 has an amino acid residue sequence that is different from {other than) a sequence of 

p53 or Her-2/Neu. Some examples of conservative substitutions include substitution 
of a hydrophobic residue such as isoleucine, valine, leucine or methionine for another 
hydrophobic residue. Also, a polar residue such as arginine, glycine, glutamic acid, 
aspartic acid, glutamine, asparagine, and the like, can be conservatively substituted 

1 5 for another member of this group. 

Still another aspect of a polypeptide incorporating conservative substitutions 
occurs when a substituted amino acid residue replaces an unsubstituted parent amino 
acid residue. Examples of substituted amino acids may be found at 37 C.F.R. 
§1 .822(b}(4), which species are incorporated herein by reference. 

20 The peptides may be modified to enhance substantially the CTL inducing 

activity, such that the modified peptide analogs have CTL activity greater than a 
peptide of the wild-type sequence. For example, it may be desirable to increase the 
hydrophobicity of the N-terminus of a peptide, particularly where the second residue 
of the N-terminus is hydrophobic and is implicated in binding to the HLA restriction 

25 molecule. By increasing hydrophobicity at the N-terminus, the efficiency of the 

presentation to T cells may be increased. Peptides prepared from other disease 
associated antigens, particularly those containing CTL inducing epitopes for which a 
host may not have significant CTL activity, may be made CTL-inducing by 
substituting hydrophobic residues at the N-terminus of the peptide where the second 

30 residue is normally hydrophobic. 

Therefore, peptides of the present invention may be subject to various 
modifications, such as insertions, deletions, and substitutions, either conservative or 
non-conservative, where such modifications provide for certain advantages in their 
use. By "conservative substitution" is m ant replacing n amino acid residue with 

35 another that is biologically and/or chemically similar, e.g., one hydrophobic residue 

for another, or one polar residue for another. The substitutions include combinations 
such as Gi/, Ala; Val. lie, Leu; Asp, Glu; Asn, Gin; Ser, Thr; Lys, Arg; and Phe, Tyr. 
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Preferably. ,he portion of the sequence th.r • 

or He.2/Neu cytotoxic T ^ 'l " '"""'^ -^"-'^"v a P53 

-out 20% .on, the sequence of aHero ' ^'"^^ '"^ 

Her-2/Neu protein, except where add " °' or 

^ -nus for the purpose of JI^'^Zl ^I^r ''''' ^^^^ 

sutat.nll.rjv turt,io„.i,y ,oulv.i.„„ ' "<« 
'5 In ,d«„„. eonWbu„„„s r,.de ,h. sic. ■ 

es o,v ,„„„,„^ """" • 

26 nun,b„ ,„d ,yp., • " 'tail.. ..,ldu„. Th. 

• n.c.„.^;: :,':;rr"'": - — • - 

certain 

o,.„ „ ~c „.d..., 

=l.-on.. o.„„.„y, .„y , - ^ PV .ucn 

™l..l.s CHP,.„ „ ZZTZr - — -Id. p, 

'= blol.9lc., ,c„.„y ; ™; '• '7'-- «l. ' ..,nln9 d..,>.d 

="CH p.p«d.. p, ,y„,„,^^ ^-'-p »cid.=p„,.,n,n, 

°' ' ~ »i. 0 j:;:::: "■ ^ 

«^'as, or by reversing the 
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,^ o.p,p«- »= coo...-. *. »' 

~ ''Trr. Js«... - c...d . 

acid .c inK«t .«op.Pt.da» dastmaK. 

,„ .ddi.i»n ,0 .i« .x—l"V ■"'>"^" „i„ „|d peptide 

„,„,.,„„.de.P,ide.i..n,^^^^^^^^ 

0 „,ioo» CP*., p. ""=X™p.i» ""''T 

PBL C.I.S v,i.h " ""7 ' .u-ENNVLSPL (SEQ ID NO 11; 

„gi.„ ,..9.. P53 d.*.*.» ■ s,pppsTRV (SEQ iO NO 3. 

,e P".eS-.3.B.PEMPPViSEa,0 0i,P»"^^^_^^^^^^ 

r.rr::rjrs.v:o.P..,sE.,oNo,3..pdHE.,, 

20 ,aVWLGV(SEQIONOU). „„dcmly s.i.ct.d from P53 " 

H...N.. p~..in. .-"o .cid ,..d.. 

«„.„.,....v, : .... — 

25 di-ecd .n.iS.n. ». • „„„„,„.d ,h.t p.p.id.. «*9 

„3„„ V,.,. ..i.c..^ «>' " , ,„^,„ «cmi...d W 

m.thod. disced P.-.i". ,^ j„„„», „ 

30 mm^' m., ipdoc. c....xic T 

Acti». p.ptid.s ..n M " ,,c cv,o.oxic .ci.it, 

r":r:r:r-- p^. - - 

..C.1 .3.9.' " " „ ^ „„,j„,„ p,„,ei.,., po.vP.P.i««. 0' 
35 „«.oP..,.oid ...... ""''-^'ll^^^, e.n, s-C 

,„V„,h.s...d.Pdo9.nou.i,PV .....•» 
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-nteresth and measuring specific release Of label. 



• ^ .....m,™. con,,™ " t1 ' - 

Hu ,„„c„o„ ,„ , •« = - ... 

'° Carton. .,.|.|j,F.„ „ Ifff 1 'fl- I, Jnuii ... 

simulation will, . " "»°'I«<I lh.t 

... P....::: " ~ 

20 P.p..to. Sto„ ,e,„ cnoLc T 1 ; T """" • 

Cells stimulated with nenfiHo 

25 PM0to..Lu,in n ,phI, ; ^ 

"""" °' - »" '»iP. .n. *. .ppi.p,i.,. 

To .»p.nd ,.lacliv.ly 
recogniie. ..o.. native H., 7iu. Wotoxic T lymphocvt.s that 

30 o, PB. a patiant i r'"'" ""^^ "™ » 

ca at s,a.i, aZ , ?» ° ""-""""-i- 

' ~ ~ -~ - 

.n.l9 n uain, autoloooua ana ^ '"""'""-'V 'Vn.h.si, , 

.0..C T lymptocyta ,aspons., i„ „„. „, „„„ 
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™,hod, ...,«*.<. herein. ,wo » m.,. pep.,de ^.v 

0 pep.-,des o. Cher ° » '^^^ HC ,.«-.,1cn 

.„„en, dille-ent from The present 

p,.,e-,r,s, polypeP^es, and epKepe ' ■"'"'^ 

regions. pffectivelv to broaden the 

immunological coverage provded bv th P p„, 
,„d =ompos,.»ne o, .he prasan. inven„»n ,o, h he ^^^^^ ^^^^^ 

„amp,e. ,ha diHaren. ,ra,~ - ^^^^^^ 

t:: i: : — - - '° """"" 



25 tUA^Ufila 



40 



45.3 
7.4 
5.4 

A32 



A2 
A29 
A31 



30 '^'^^ r,\ 

A33 3.3 



A28' 



7.7 



NAC 


AEB 


JPN 


46.6 


27.3 


43.2 


8.1 


12.3 


0.4 


6.2 


4.4 


15.3 


7.1 


3 


0.1 


3.4 


9 


13.1 


9.9 


16.6 


1.1 



♦..rthPr be combined via linkage to 
♦ ,h<. nresent invention may further oe com 
The peptides of the present .n ^ sition without linkage, as 

. • ».e^ or can be formulated m a comp sn 
,ormnolYmers(mult,mers).orcanbe ^^ereoy forming a 

an admixture. Where the same pept.de .s ..nked t '-"^ 
.omopolv^er. a Plurality of repeating epitop.cun.ts are presen. 
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peptides differ, heteropolymers wirh 

<" .p«.;es s~ :rr — - 

"~„„„„ J^^^>^ ... . „„„^, 

Prop-icn... ,SPDP,, This ,.,„ "■'""'"""'''V'-S-.J.pvrWyMi.Mo, 

a =«...e |„ „„. p„„/ 3" ' «P».9. ^e,w„„ ,„.„ 

" r:: ; ;r ""-'^ - • 'v.™ 

•gems .r, »„„„„. 5„, ,„ ■ '"'X 

S"i«ble linkage d„„„„, / « '™CCI. It »,ll t,, „„ae,s,ooa ,l,« 

°- " r ...pe: .,.,::r::r = ^ 

cytotoxic T cells ,„ ,„,^„ "0P«'«. .n ,.e la.„c,,„„ „, 

P'0.«n. The T.he,pe, cells ce„ he il , T h "™ " 

'"■"PI.. ' »' T.h.lpe, 2 ph.„„,v„.. ,„ 

The peptides of the prese t 

fiec.„s. ,h ...."""'slT'"","" " """^ '""a"' 

•o" P' .e„b„ , „e, ,he„ 2„, ,„ ' -a" =0 .„l„„ 

-PP.. -p acc„.e„„ ~ - - 

• '^^'""^^ ''^"'^"'s techniques. Various 
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.„,o™tic „i* know, protocol- S... <" 

; 341-347 (1986); 3~J B-W " 

,.,.,.«o„ c. P.--' - : „„.„,on v.=.c-. ^ 

in S.m«<,o. .i- 

H.„», COM Sp,.n= H.«-. N « V ''- ^ vo,K. 19.1 

"--^'r3"»4 :»r4.431."...3.^ 
5 ,„SU.S.P.<.N".''-"'-2"-''' 

,0, exampl.. „ ,„,id„, which eompris. on. 0- 

Th„.. ,.con.bih.h. DNA.d...ved p.o ^^^.^^ 
p.p..d. — o, ,he ^ ^^^^^ 

„,„,ox,c T c.» .pi.0P.. i«"'«- '■^l^^^^ „, p,.s.h, inv.n,i,h 

'° h. p-.p..e^ i" 1" ,,p.d h...io «i™.™ = 
- :::::: . poivp..- - 

T lymphocvts response. By this n> 

T c.„ .piloP" i™ " *f t -.h. con...p....^ 

„ AS <h. codina ^ ,,osphot,»st.. m.lhod o, 

s,h.h.si»d pv ch..ic.i ^°';:;::;;::.L.„,i.hs « ..d. 

„,„.uca .. .i.. J-^""-^"^^'^;,,,, ,„ ,hos. .nc»iin9 >h. P'P>'* 

.„o„ h, sohs,i,u.n, ,h. =pp-';;;;;;; ' .„p,oph... .ih^- - 

Po, e.p,.ssion o, ..sion p,o».PS. .h. c« 9 ^^^^^^ , 

iih«d s». -P 'l^ZT., ..P' - • 

,c ,.p,lc3.,Ph svsun, ,0 p.o-id. - ■""•"'""""l „„„ „o„,i.. hosts a.. P-'.'".' 

po, ...p... - ». 

i„pl.s™ds=0h.siPin9C°"-""""'""" 
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30 



35 



sequence. The resomng expression vectors . 
^osts. yeast or „,amn,a«an ce,, hosts mav 1^"'""' 
and control sequences. ' ^"'P'oy'ng suitable vectors 

'tis also preferable that the po»ypeotid«- 
- .n its denature, state so that antibo l; l; ^"""''^ ^ ^ °" cells 
-ecule also i....oreact .ith a polype 177""" 
^ Po.VPepti.e o. the present inventil can 3 I 

useful antibo.es by .eans .escribed Z^T l"" ^ """"'^ ^ ''"''^ ^ 

also be used to specifically tri,,ar an il 
specific cytotoxic T lymphocytes ,0^ , " """"^ " ' ^° ^^-'e 
polypeptides will be apparent from rH °' '''^ 

A PO-VPeptide 0 the rZnt ^ "^^'^^ 
PeP.de synthetic techn.q.es no^ 7^" 7 ^ ^ - 

0' techniques available can be fo ' — ^ 

"^ase Peptide Synthesis". VV. H Preema r ' "So"d 

Hormonal Proteins and Peptides" Vol 2 l l '^-nhofer," 
and U.S. Patent No. 4,631.21 1 which d ^-'^ '983. 

— • W.en a polypep... 'J:: herein by 

than about 50 amino acid resid -'^''-V 
-Mques are generally favored. uTua 7 "^^'^ 
« that Of Merrifield 1.,^.. ,,,, „ g,';,;"'"^^'"^ ^ P'^ase technique such 

recombi^'r^^^^^^^^^ 'Vnthesi.ed by 

When the desired polypeptide is rela.i:; tr: ^""'"^^ ^ 
--es in length.. When .combinan ^".^^^^^^^^ ^'^^ acids 

Po'VPeptide Of the present invention a DNA ""''"'^^^ ^-"^^ = 

polypeptide is incorporated into a pr^elec td"""" '''''' 
« -table host. The expressed ol p " "'"""^""^ 

• entified above, is preferably p.ified by 0!? '" " 
e'ectrophoresis. immunosorbent chroma 

3. HvhriH '='''0'"atography. and the like. 

Hybridomas of the prese t * 
having ,he capacity to produce an ^ characterized as 

P-«nt inv ntion. Meth ds for producino hvh T'"' ' °' ^^e 

-ecu.es having a desired l..uno ^ " e^^ ^^^"^'"^ ^''-V 

•cty. ,.e., havmg .he ability ,0 .mmunoreact 
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clisulfide bonds. However, other methods we., k„o • 

conjugates can also be used Exeo, . ^''^"^'-9 

Of M.cbae. add.t.on reaction product LlTr """^ '^'^'^ - 

5 technologv as ,n tbe use of a water sib " °' "'''^''-'^e 

-e. .or a re.ew o, prote.™'; ... to tbe 

-e Auram , 3,., ^JTl ""'^""^ -^--'^ '-"iona, 

Co,.,. „ ' ^'^ "^"'"'v- 'SRac, 

•cidl. .nd like. " 'O-Wn.: 0.8,„,.„ie 

The preseo, l„„cul™ 

p».p.... ..V .e. :; 

.01.., ,„p..,e,„. --^ «n=s. .„ 

-u,.„o„ „ , ^^^^^ J 0^ ^= ..I..., ,.e Chosen 

™ou«.„ ° ™° " .be, =00 ™„,„3„. p., 

-i. =..,.,„,„, e p,.,.,„„,„„ ' " -"V -o»,„ ,„ .„i„e,, 

■"».mio„ e,. dieted by ,„d „e di,e„ ^ " ™""™ 

«» «™-..n-.h. i„he,e™ ,„ ,h. .„ », ' "'7''"'''= """ '» .nd 
--,p,ie i„ en,™,, pi; , ^7:" 

P -..mion. ' " """P. » «. .ng le.,„,.s „, ,p. 

"« "VPi^nv prepared by di™ . , 

«y ......bie ,.oce„,ep,., „ ^^^^ 
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the instant polypeptides on the surface of roiic - . 

P'esBnt invsmion. as noted betora Th. -k . 
5 ,„;,.„. ■""""loMlamltodycomposition- 
— ., .„„^, ^^^^^^ ^^^^^ v.n 

<.«.™,„.n,. ,.e., . ..p„mc ™„,c,„na, sn^tody. One p,.,e„ed .„„„dv 

err, " " " by 

ctones o, , „„ , ^^^^^^^^ ^^^^ 

antibody molecule. 

20 ,Ki. . ' ■>""»""o-ted protean o, polypeptide o, 

' -bse„ o, ,o.o,.essoc,e,ed protein „ the l„„„„o,a„ , p,„.„. : 
J.no..n „,y .e e ptotein dl,„,|y ,„„ , ^ 

25 " -b - = PoVpeptlde consisting essentiely 

e seooent,,, soPset o, en e.ino ,cid ,.s,d„e sequence disclosed h„.i„ t.. 
.nnmunitetion is typicelly p.„o™.d py .d„,„ist.,i„, ,„ ,„ 

i-munoloaiclly competent n,en.n,e, m s„ i„™nolo„cellv ...ectlve en,oon, i e en 
rno^nt so .iclent to ptodoce en i„„o„. „sponse. P,.,e,..ly, 

-odent such es e rePbIt, tet o, .oos.. lb. „,„„s| |, ,„ , 

penod su„ici.nt ,ot tb. .e.„,l ,„ p,„,„„ 

innmunoreact with the immunogen. 

mamn^a."' k -tibody-producing cells removed from the immunized 

m .s hen prepared. This is typically accomplished by r moving the spleen of 

the mammal and mechanically separating the individual spleen cells in a 
Physiologically tolerabi medium using methods well known in the art 

aoent cT T"^"''" -^'''ody-producing cells are treated with a transforming 
agent capable of producing a transformed ("immortali. d", cel. line. Transforming 
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lud. DNA vim ch as Eps«in.B.,r ,ims (EBVl. s.m,.n v,,., 40 (SV40I, 

™. th. Ilk. RNA vi™se» such as Moloney k«™ 

™.lom» 0.11s l.om . suit.™. C.11 <m.. SP-2, b, th. us. ol . 
„„h m..s, h„.loh,. C.11S ... ^ ^^^^^ 

. :r oCl.hOO,us. A pi.....d ..sloh p,o,hOU, 1. 

,n ,h. .n ^•;2rl.,,pi, h. 0, ,h. so.o.l,.d -d-u, ..sls,.n,- t,p., 

The cell line used should preteraoiy oe u K^hriHs 

• ---;rrr:"=;r::.r:r-r.'t. 

Will survive. The most comn.u 

,h, .hzvm. hvpox.h,hlh.-=..h... phosphohOosvl -•""■'" "'27 I. .ISO 
Lpponed hv HAT (hvpox.n,hi InoPU.ln. .„d ,h,.,d..l ™ - « 

,0 :::„.:-, ^-h do.s „». ks., p,odoo. ...odv. c... cs... 

, ™„H in a tissue culture medium that does not sustain 
cloning is preferably performed .n a tissue .^bridomas. this is 

(support) non-transformed cells. When the transformed cells are hyb 
,5 tyZi-V performed by diluting and cu.turing in separate containers he m. r 

each separate container (e.g., each wen o g.azaguanine 
,e.g.. HAT medium) that does not sustain the drug-resistant (e.g.. 9 

resistant) unfused my loma cell line. 

,„ Th„lssu o.Uu,.h,.dlo..fth.o,ohed„.hS.o,n,ah,s.s.h..v»d 
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immunologicat techniqu s. 

ii) A desired transformant is then selected and grown in an appropriate 
tissue culture medium for a suitable length of time, followed by recovery (harvesting) 
of the desired antibody from the culture supernatant by well known techniques. A 
suitable medium and length of culturing time are also well known or are readily 
determined. 

To produce a much greater concentration of slightly less pure monoclonal 
antibody, the desired hybridoma can be transferred by injection into mice, preferably . 
syngenic or semisyngenic mice. The hybridoma causes formation of antibody- 
producing tumors after a suitable incubation time, which results in a high 
concentration of the desired antibody (about 5-20 mg/ml) in the bloodstream and 
peritoneal exudate (ascites) of the host mouse. 

Media and animals useful for the preparation of these compositions are both 
well known in the art and commercially available and include synthetic culture media, 
inbred mice and the like. An exemplary synthetic medium is Dulbecco's minimal 
essential medium (DMEM; Dulbecco et al., Virol. 8 : 396 (1959)) supplemented with 
4.5 gm/l glucose, 20 mM glutamino, and 20% fetal calf serum. A preferred inbred 
mouse strain Is BALB/c. 

Methods for producing the instant hybridomas which generate (secrete) the 
antibody molecules of the present invention are well known in the art and are 
described further herein. Particularly applicable descriptions of relevant hybridoma 
technology are presented by Niman et al., Proc. Natl. Acad. Sci. USA 80 : 4949-4953 
(1983), and by Galfre et al,, Meth. En7vmol. 73 : 3-46 (1981), which descriptions are 
incorporated herein by reference. 

A monoclonal antibody can also be produced by methods well known to 
those skilled in the art of producing chimeric antibodies. Those methods include 
isolating, manipulating, and expressing the nucleic acid that codes for all or part of 
an immunoglobulin variable region including both the portion of the variable region 
comprising the variable region of immunoglobulin light chain and the portion of the 
variable region comprising the variable region of immunoglobulin heavy chain. 
Methods for isolating, manipulating, and expressing the variable region coding nucleic 
acid in procaryotic and eucaryotic hosts are disclosed in the following, the 
disclosures of which are incorporated by reference herein: R binson t al., PCT 
Publication No. WO 89/0099; Winter et al., European Patent Publication No. 
0239400; R ading, U.S. Patent No. 4,714,681; Cabilly et al., European Patent 
Publication No. 0125023; S rge et al., Mol. Cell Biol. 4 : 1730-1737 (1984); Beher et 
al., Science 240 : 1041-1043 (1988); Skerra et al.. Science 240 : 1030-1041 (1988); 
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and Orlandi et a!.. PNAS U.S.A. 86 : 3833-3837 (1989). Typically the nucleic acid 
codes for all or part of an immunoglobulin variable region that binds a preselected 
antigen (ligand). Sources of such nucleic acids are well known to one skilled in the 
art and, for example, can be obtained from a hybridoma producing a monoclonal 
5 antibody that binds the preselected antigen, or the preselected antigen can be used 

to screen an expression library coding for a plurality of immunoglobulin variable 
regions, thus isolating the nucleic acid. 

A further preferred method for forming the instant antibody compositions 
involves the generation of libraries of Fab molecules using the method of Huse et al., 

10 Sriftnce 246 : 1275 (1989). In this method, mRNA molecules for heavy and light 

antibody chains are isolated from the immunized animal. The mRNAs are amplified 
using polymerase chain reaction (PCR) techniques. The nucleic acids are then 
randomly cloned into lambda phage to generate a library of recombined phage 
particles. The phage are used to infect an expression host such as £. co//. The E. 

1 5 coli colonies and corresponding phage recombinants can then be screened for th se 

producing the desired Fab fragments. Preferred lambda phage vectors are Agtl 1 and 
Xzap 2. 

An antibody molecule-containing composition according, to the present 
invention can take the form of a solution or suspension. The preparation of a 

20 composition that contains antibody molecules as active ingredients is well understood 

in the art. Typically, such compositions are prepared as liquid solutions or 
suspensions, however, solid forms suitable for solution in, or suspension in, liquid can 
also be prepared. The preparation can also be emulsified. The active therapeutic 
ingredient is often mixed with excipients which do not interfere with the assay and 

25 are compatible with the active ingredient. Suitable excipients are, for example, 

water, saline, dextrose, glycerol, ethanol, and the like, and combinations thereof. In 
addition, if desired, the composition may contain minor amounts of auxiliary 
substances such as wetting or emulsifying agents, pH buffering agents and the like, 
which enhance the effectiveness of the active ingredient. 

30 An antibody molecule composition may further be formulated into a 

neutralized acceptable salt form. Acceptable salts include the acid addition salts 
(formed with the free amino groups of the antibody molecule) that are formed with 
inorganic acids such as, for example, hydrochloric or phosphoric acids, or such 
organic acids as acetic, tartaric, mandeiic, and th like. Salts formed with the fr e 

35 carboxyi groups may also be derived from inorganic bases such as, for example, 

sodium, potassium, ammonium, calcium, or ferric hydroxid s, and such organic bases 
as isopropylamine, trimethylamine, 2-e:hylamino ethanol, histidine, procaine, and the 
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like. 

4. Therapeutic Compoftitjnnf; 

A preferred preparation of a CTL epitope (see Section 2 above), in whatever 
form. Is as a pharmaceutical composition. Similarly, a preferred preparation of in 
vitro- or in wVo-stimulated CTLs of the present invention, which are intended to be 
reintroduced to a host, is also as a pharmaceutical composition. In particular, a 
pharmaceutical composition of the present Invention is comprised of one or more 
molecules which Include a polypeptide having substantial homology with a CTL 
epitope selected from the group of epitopes listed hereinabove, or the polypeptide 
itself, and a pharmaceutically acceptable carrier or excipient. 

One skilled in the art will appreciate that suitable methods of administering a 
compound to a mammal (e.g. a human patient) for the treatment of a tumor or other 
malignant condition, for example, which would be useful in the method of the 
present invention, are available. Although more than one route can be used to 
administer a particular compound or composition, a particular route may provide a 
more immediate and more effective reaction than another route. Accordingly, the 
described methods provided herein are merely exemplary and are in no way limiting. 

Generally, the peptides (or activated CTLs) of the present invention as 
described above will be administered in a pharmaceutical composition to an individual 
having a tumor or malignant condition. Those receiving treatment via the methods 
and compositions of the present invention may be treated with the presently- 
disclosed peptides and compositions separately or in conjunction with other 
treatments, as appropriate. 

In therapeutic applications, compositions are administered to a patient in an 
amount sufficient to elicit an effective cytotoxic T lymphocyte response to a specific 
tumor antigen or antigens and to cure or at least partially arrest tumor-associated 
symptoms and/or complications. An amount adequate to accomplish this is defined 
as a "therap-eutically or prophylactically effective dose" which may also be described 
as an "immune response provoking amount." Amounts effective for a therapeutic or 
prophylactic use will depend on a variety of factors. For example, such factors 
Include the stage and severity of the disease being treated, the age, weight, and 
general state of health of the patient, and the judgment of the prescribing physician. 
Th siz of th dos will also b d termined by the peptide compositi n, method of 
administration, timing and fr qu ncy of administration as w II as the exist nee, 
nature, and extent of any adverse side-effects that might accompany the 
administration f a particular compound (or stimulated CTLs) and th desired 
physiological effect. It will be appreciated by one of skill in the art that various 
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conditions or disease states may require prolonged treatment involving multiple 
administrations. 

Suitable doses and dosage regimens can be determined by conventional 
range-finding techniques known to those of ordinary skill in the art. Generally, 
5 treatment is initiated with smaller dosages that are less than the optimum dose of the 

compound. Thereafter, the dosage is often increased by small increments until the 
optimum effect under the circumstances is reached. The present inventive method 
typically will involve the administration of about 0.1 i/g to about 50 mg of one or 
more of the compounds described above per kg body weight of the individual. For a 
10 70 kg patient, dosages of from about 10 ;;g to about 100 mg of peptide would be 

more commonly used, followed by booster dosages from about 1 pg to about 1 mg 
of peptide over weeks to months, depending on a patient's CTL response, as 
determined by measuring tumor-specific CTL activity in PBLs obtained from the 
patient. For the reintroduction of stimulated CTLs, which are preferably derived from 
1 5 the patient, typically, a dose would range upward from 1 % of the population 

(number) of cells removed up to all of them (i.e., 100%). 

It should be kept in mind that the peptides and compositions of the present 
invention may generally be employed in serious disease states, that is, life- 
threatening or potentially life-threatening situations. In such cases, in view of the 
20 minimization of extraneous substances and the relative nontoxic nature of the 

peptides, it is possible - and may be considered desirable by the treating physician - 
to administer substantial excesses of these peptide compositions. Single or multiple 
administrations of the within-disclosed compositions can be carried out with dos 
levels and pattern being selected by the treating physician. In any event, preferred 
25 pharmaceutical formulations should provide a quantity of cytotoxic T-lymphocyte- 

stimulating peptides of the invention sufficient to effectively treat the patient. 

For therapeutic use, administration should begin at the first sign of the tumor 
or malignant condition, or shortly after diagnosis, and continue until the patient's 
symptoms are substantially abated and for a period thereafter. In well-established or 
30 chronic cases, loading doses followed by maintenance or booster doses may be 

required. Treatment of an affected individual with the compositions of the invention 
may hasten resolution of the condition in acutely affected individuals. 

The pharmaceutical compositions for therapeutic tr atment as disclosed 
herein are generally intended for parenteral, topical, oral or local administration and 
35 typically comprise a pharmaceuticaily acceptable carrier and an amount of the active 

ingredient sufficient to cause shrinkage or death of the tumor or otner malignant 
tissue, for example. The carrier may be any of those conventionai^/ used and is 
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limited only by physico-chemical considerations, such as solubility and lack of 
reactivity with the compound, and by the route of administration. 

Examples of pharmaceutically acceptable acid addition salts for use in the 
present inventive pharmaceutical composition include those derived from mineral 
acids, such as hydrochloric, hydrobromic, phosphoric, metaphosphoric, nitric and 
sulfuric acids, and organic acids, such as tartaric, acetic, citric, malic, lactic, fumaric, 
benzoic, glycollc, gluconic, succinic, p-toluenesulphonic acids, and arylsulphonic, for 
example. 

The pharmaceutically acceptable excipients described herein, for example, 
vehicles, adjuvants, carriers or diluents, are well-known to those who are skilled in 
the art and are readily available to the public. It is preferred that the 
pharmaceutically acceptable carrier be one that is chemically inen to the active 
compounds and one that has no detrimental side effects or toxicity under the 
conditions of use. 

The choice of excipient will be determined in part by the particular epitope 
and epitope formulation chosen, as well as by the particular method used to 
administer the composition. Accordingly, there is a wide variety of suitable 
formulations of a pharmaceutical composition according to the present invention. 
The following formulations for oral, aerosol, parenteral, subcutaneous, intravenous, 
intramuscular, intraperitoneal, rectal, and vaginal administration are merely exemplary 
and are in no way limiting. 

Preferably, the pharmaceutical compositions are administered parenterally, 
e.g., intravenously, subcutaneously, intradermally, or intramuscularly. Thus, the 
invention provides compositions for parenteral administration that comprise a solution 
of the cytotoxic T-lymphocyte stimulatory peptides dissolved or suspended in an 
acceptable carrier suitable for parenteral administration, including aqueous and 
non-aqueous, isotonic sterile injection solutions. 

Overall, the requirements for effective pharmaceutical carriers for parenteral 
compositions are well known to those of ordinary skill in the art. (See, e.g.. Banker 
and Chalmers (eds.), Pharmace utics and Pharmacy PracTica. J.B. Lippincott 
Company, Philadelphia, PA, pp. 238-250, (1982), and Toissel, ASHP Handbook on 
Injectable Drug?? (4th ed.), pp. 622-630 (1986|.) Such solutions can contain 
anti-oxidants, buffers, bacteriostats, and solutes that render the formulation Isotonic 
with the blood of th intended recipient, and aqueous and non-aqueous sterile 
suspensions that can includ suspending agents, solubilizers, thickening agents, 
stabilizers, and pr servativ s. The c mpound may be administered in a 
physiologically acceptable diluent in a pharmaceutical carrier, such as a st rile liquid 
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or mixture of liquids, including water, saline, aqueous dextrose and related sugar 
solutions, an alcohol, such as ethanol. isopropanol, or hexadecyl alcohol, glycols, 
such as propylene glycol or polyethylene glycol, dimethylsulfoxide, glycerol ketals, 
such as 2,2-dimethyl-1,3-dioxolane-4-methanol. ethers, such as poly(ethyleneglycol) 
5 400, an oil, a fatty acid, a fatty acid ester or glyceride, or an acetylated fatty acid 

glyceride with or without the addition of a pharmaceutically acceptable surfactant, 
such as a soap or a detergent, suspending agent, such as pectin, carbomers, 
methylcellulose, hydroxypropylmethylcellulose, or carboxymethylcellulose, or 
emulsifying agents and other pharmaceutical adjuvants. 
1 Q Oils useful in parenteral formulations include petroleum, animal, vegetable, or 

synthetic oils. Specific examples of oils useful in such formulations include peanut, 
soybean, sesame, cottonseed, corn, olive, petrolatum, and mineral. Suitable fatty 
acids for use in parenteral formulations include oleic acid, stearic acid, and isostearic 
acid. Ethyl oleate and isopropyl myristate are examples of suitable fatty acid esters. 
1 5 Suitable soaps for use in parenteral formulations include fatty alkali metal, 

ammonium, and triethanolamine salts, and suitable detergents include (a) cationic 
detergents such as, for example, dimethyl dialkyi ammonium halides, and alky! 
pyridinium halides, (b) anionic detergents such as, for example,, alkyi, aryl, and olefin 
sulfonates, alkyI, olefin, ether, and monoglyceride sulfates, and sulfosuccinates, (c) 
20 nonionic detergents such as, for example, fatty amine oxides, fatty acid 

alkanolamides, and polyoxyethylenepolypropylene copolymers, {d) amphoteric 
detergents such as, for example, alkyl-P-aminopropionates, and 2-alkyl-imida2oline 
quaternary ammonium salts, and ie) mixtures thereof. 

The parenteral formulations typically will contain from about 0,5 to about 
25 25% by weight of the active ingredient in solution. Preservatives and buffers may be 

used. In order to minimize or eliminate irritation at the site of injection, such 
compositions may contain one or more nonionic surfactants having a 
hydrophile-lipophile balance (HLB) of from about 12 to about 17. The quantity of 
surfactant in such formulations will typically range from about 5 to about 15% by 
30 weight. Suitable surfactants include polyethylene sorbitan fatty acid esters, such as 

sorbitan mono-oleate and the high molecular weight adducts of ethylene oxide with a 
hydrophobic base, formed by the condensation of propylene oxide with propylene 
glycol. The parenteral formulations can be presented in unit-d se or multi-dose 
sealed containers, such as ampules and vials, and can be stored in a freeze-dried 
35 (lyophilized) condition requiring only the addition of the sterile liquid excipient, for 

example, water, for injections, immediately prior to use. Extemporaneous injection 
solutions and suspensions can be prepared from sterile powders, granules, and 
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tablets of th kind previously described. 

Topical formulations, including those that are useful for transdermal drug 
release, are well-known to those of skill in the art and are suitable in the context of 
the present invention for application to skin. 

Formulations suitable for oral administration require extra considerations 
considering the peptidyl nature of the epitopes and the likely breakdown thereof if 
such compounds are administered orally without protecting them from the digestive 
secretions of the gastrointestinal tract. Such a formulation can consist of (a) liquid 
solutions, such as an effective amount of the compound dissolved in diluents, such 
as water, saline, or orange juice; (b) capsules, sachets, tablets, lozenges, and 
troches, each containing a predetermined amount of the active ingredient, as solids 
or granules; (c) powders; (d) suspensions in an appropriate liquid; and (e) suitable 
emulsions. Liquid formulations may include diluents, such as water and alcohols, for 
example, ethanol, benzyl alcohol, and the polyethylene alcohols, either with or 
without the addition of a pharmaceutically acceptable surfactant, suspending agent, 
or emulsifying agent. Capsule forms can be of the ordinary hard- or soft-shelled 
gelatin type containing, for example, surfactants, lubricants, and inert fillers, such as 
lactose, sucrose, calcium phosphate, and corn starch. Tablet forms can include one 
or more of lactose, sucrose, mannitol, corn starch, potato starch, alginic acid, 
microcrystalline cellulose, acacia, gelatin, guar gum, colloidal silicon dioxide, 
croscarmellose sodium, talc, magnesium stearate, calcium stearate, zinc stearate, 
stearic acid, and other excipients, colorants, diluents, buffering agents, disintegrating 
agents, moistening agents, preservatives, flavoring agents, and pharmacologically 
compatible excipients. Lozenge forms can comprise the active ingredient in a flavor, 
usually sucrose and acacia or tragacanth, as well as pastilles comprising the active 
ingredient in an inert base, such as gelatin and glycerin, or sucrose and acacia, 
emulsions, gels, and the like containing, in addition to the active ingredient, such 
excipients as are known in the art. 

The molecules and/or peptides of the present invention, alone or in 
combination with other suitable components, can be made into aerosol formulations 
to be administered via inhalation. For aerosol administration, the cytotoxic T- 
lymphocyte stimulatory peptides are preferably supplied In finely divided form along 
with a surfactant and propellant. Typical percentages of peptides are 0.01 %-20% 
by weight, preferably 1%-10%. Th surfactant must, of course, be nontoxic, and 
preferably soluble in th propellant. Representativ of such agents are the esters or 
partial esters of fatty acids containing from 6 to 22 carbon atoms, such as caproic, 
octanoic, lauric. palmitic, stearic, linoleic, linolenic, olesteric and oleic acids with an 
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aliphatic polyhydric alcohol or its cyclic anhydride. Mixed esters, such as mixed or 
natural glycerides may be employed. The surfactant may constitute 0.1%-20% by 
weight of the composition, preferably 0.25-5%. The balance of the composition is 
ordinarily propellant. A carrier can also be included as desired, e.g., lecithin for 
5 intranasal delivery. These aerosol formulations can be placed into acceptable 

pressurized propellents, such as dichlorodifluoromethane, propane, nitrogen, and th 
like. They also may be formulated as pharmaceuticals for non-pressured 
preparations, such as in a nebulizer or an atomizer. Such spray formulations may be 
used to spray mucosa. 

1 0 Additionally, the compounds and polymers useful in the present inventive 

methods may be made into suppositories by mixing with a variety of bases, such as 
emulsifying bases or water-soluble bases. Formulations suitable for vaginal 
administration may be presented as pessaries, tampons, creams, gels, pastes, foams, 
or spray formulas containing, in addition to the active ingredient, such carriers as are 

1 5 known in the art to be appropriate. 

In some embodiments, it may be desirable to include in the pharmaceutical 
composition at least one component that primes CTL generally. Lipids have been 
identified that are capable of priming CTL in vivo against viral antigens, e.g., 
tripalmitoyl-S-glycerylcysteinly-seryl-serine (PaCSS), which can effectively prime 

20 tumor-specific cytotoxic T lymphocytes when covalently attached to an appropriate 

peptide, (-^pp, p g-- Peres et al.. Nature 342 : 561-564 (19891. Peptides of the 
present invention can be coupled to PaCSS, for example and the llpopeptide 
administered to an individual to specifically prime a cytotoxic T lymphocyte response 
to a particular tumor cell or tissue. Further, as the induction of neutralizing 

25 antibodies can also be primed with PjCSS conjugated to a peptide that displays an 

appropriate epitope, e.g., certain p53 epitopes, the two compositions can be 
combined to elicit more effectively both humoral and cell-mediated responses to 
tumors or other malignant cells or tissues. 

The concentration of cytotoxic T-lymphocyte stimulatory peptides of the 

30 present invention in the pharmaceutical formulations can vary widely, i.e., from less 

than about 1 %, usually at or at least about 10% to as much as 20 to 50% or mor 
by weight, and will be selected primarily by fluid volumes, viscosities, etc., in 
accordance with the particular mode of administration selected. Thus, a typical 
pharmaceutical composition for intravenous infusion could be made up to contain 

35 250 ml of sterile Ringer's solution, and 100 mg of peptide. Actual methods f r 

preparing parenterally administrable compounds will b known or apparent to those 
skilled in the art and are described in more detail in, for example, Rgminqton's 
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Pharmaceutical Science (17th ed.. Mack Publishing Company, Easton, PA, 1985). 

It will be appreciated by one of ordinary skill in the art that. In addition to the 
aforedescribed pharmaceutical compositions, the compounds of the present invention 
may be formulated as inclusion complexes, such as cyclodextrin inclusion complexes, 
or liposomes. Liposomes serve to target the peptides to a particular tissue, such as 
lymphoid tissue or malignant cells or tissues. Liposomes can also be used to increase 
the half-life of the peptide compositions. 

Liposomes useful according to the present Invention Include emulsions, 
foams, micelles, insoluble monolayers, liquid crystals, phospholipid dispersions, 
lamellar layers and the like. In these preparations the peptide to be delivered is 
Incorporated as part of a liposome, alone or in conjunction with a molecule which 
binds to, e.g., a receptor (preferably one prevalent among lymphoid cells, such as 
monoclonal antibodies which bind to the CD45 antigen), or with other therapeutic or 
immunogenic compositions. Thus, liposomes filled with a desired peptide of the 
invention can be directed to the site of lymphoid or tumor cells, where the liposomes 
then deliver the selected therapeutic/immunogenic peptide compositions. 

Liposomes for use in the invention are typically formed from standard vesicle- 
forming lipids, which generally include neutral and negatively charged phospholipids 
and a sterol, such as cholesterol. The selection of lipids is generally guided by 
consideration of, for example, liposome size and stability of the liposomes in the 
blood stream. A variety of methods are available for preparing liposomes, as 
described in, for example, Szoka et al., Ann. Rev. Biophvs. Bioeno. 9 : 467 (1980), 
and U.S. Patent Nos. 4,235,871, 4,501,728, 4,837,028 and 5,019,369, the 
disclosures of which are incorporated herein by reference. 

For targeting to the immune cells, a ligand to be incorporated into the 
liposome can include, for example, antibodies or fragments thereof specific for cell 
surface determinants of the desired immune system cells. A liposome suspension 
containing a peptide may be administered intravenously, locally, topically, etc. in a 
dose that varies according to the mode of administration, the peptide being delivered, 
the stage of disease being treated, etc. 

In another aspect, the present invention is directed to vaccines that contain 
as an active ingredient an immunogenically effective amount of a cytotoxic T- 
lymphocyte stimulating peptide, as described herein. The peptide(s) may be 
introduced into a host - preferably a mammal, e.g. a murine species or a human - 
linked to its own carrier or as a homopolymer or heteropolymer of active peptide 
units. Such a p lymer has the advantage of increased immunological reaction and, 
wh re different peptides are used to make up th polymer, the additional ability to 
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induce antibodies and/or cytotoxic T cells that react with different antigenic 

determinants of tumor cells or tissues (e.g. p53, Her-2/Neu). 

Useful carriers are well known in the art, and include, e.g., keyhole limpet 

hemocyanin, thyroglobulin, albumins (e.g., human serum albumin), tetanus toxoid, 
5 polyamino acids such as poly{D-lysine:D-glutamic acid), and the like. The vaccines 

can also contain a physiologically tolerable (acceptable) diluent such as water, 

phosphate buffered saline, or saline, and further typically include an adjuvant. 

Adjuvants such as incomplete Freund's adjuvant, aluminum phosphate, aluminum 

hydroxide, or alum or materials well known in the art. 
10 Also, as mentioned above, cytotoxic T lymphocyte responses can be primed 

by conjugating peptides of the invention to lipids, such as P3CSS. Upon 

immunization with a peptide composition as described herein, via injection, aerosol, 

oral, transdermal or other route, the immune system of the host responds to the 

vaccine by producing large amounts of cytotoxic T-lymphocytes specific for a tumor- 
1 5 associated or tumor-specific antigen, and the host becomes at least partially immun 

to or resistant to the development of the tumor or malignancy to which the antigens 

relate. 

Vaccine compositions containing the peptides of the invention are 
administered to a patient susceptible to or otherwise at risk of developing the 

20 relevant tumor or malignancy, to enhance the patient*s own immune response 

capabilities. Such an amount is defined to be a "immunogenically effective dose" or 
a "prophylactically effective dose." In this use, the precise amounts again depend on 
the patient's state of health and weight, the mode of administration, the nature of 
the formulation, etc., but generally range from about 1 .0 /yg to about 500 mg per 70 

25 kilogram patient, more commonly from about 50 /yg to about 200 mg per 70 kg of 

body weight. 

The peptides of the present invention are preferably administered to 
individuals of an appropriate HLA type. For example, for vaccine compositions for 
HLA-A2 individuals, the following peptides can be administered usefully: p53. 25-35, 

30 LLPENNVLSPL (SEQ ID NO 1); p53.65-73, RMPEAAPPV (SEQ ID NO 2); p53.149- 

157, STPPPGTRV (SEQ ID NO 3); p53. 264-272, LLGRNSFEV (SEQ ID NO 4); HER-3, 
KIFGSLAFL (SEQ ID NO 10); HER-6, TLQGLGISWL (SEQ ID NO 1 1); HER-7, 
VMAGVGSPYV (SEQ ID NO 12); HER-8, VLQGLPREYV (SEQ ID NO 13); and HER-9, 
ILLVVVLGV (SEQ ID NO 14). P ptides that are substantially homologous t the 

35 foregoing may ais be usefully administered according to the present inv ntion. 

For therapeutic r immunization purposes, the peptides of the invention can 
also be expressed by att nuated viral hosts, such as vaccinia. This approach 
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involves the use of vaccinia virus as a vector to express nucleotide sequences that 
encode the p53 or Her*2/Neu peptides of the invention. Upon introduction into a 
host, the recombinant vaccinia virus expresses the tumor-related peptide (e.g., p53 
or Her-2/Neu peptide) and thereby elicits a host cytotoxic T lymphocyte response to 
5 an appropriate tumor-related peptide or protein. Vaccinia vectors and methods useful 

in immunization protocols are described in, e.g., U.S. Patent No. 4,722,848. 
Another vector is BCG (Bacille Calmette Guerin). BCG vectors are described in 
Stover et al., Nature 351 : 456-460 (1991). A wide variety of other vectors useful 
for therapeutic administration or immunization of the peptides of the invention will be 

1 0 apparent to those skilled in the art from the description herein. 

The compositions and methods of the claimed invention may also be 
employed for ex vivo therapy, wherein, as described briefly above, a portion of a 
patient's lymphocytes are removed, challenged with a stimulating dose of a peptide 
of the present invention, and the resultant stimulated CTLs are returned to the 

1 5 patient. Accordingly, in more detail, ex vivo therapy as used herein concerns the 

therapeutic or immunogenic manipulations that are performed outside the body on 
lymphocytes or other target cells that have been removed from a patient. Such cells 
are then cultured in vitro with high doses of the subject peptides, providing a 
stimulatory concentration of peptide in the cell medium far in excess of levels that 

20 could be accomplished or tolerated by the patient. Following treatment to stimulate 

the CTLs, the cells are returned to the host, thereby treating the tumor or other 
malignancy. The host's cells may also be exposed to vectors that carry genes 
encoding the peptides, as described above. Once transfected with the vectors, the 
cells may be propagated in vitro and/or returned to the patient. The cells that are 

25 propagated in vitro may be returned to the patient after reaching a predetermined cell 

density. 

In one method, in vitro CTL responses to tumor-associated proteins (e.g. p53 
or Her-2/Neu) are induced by incubating In tissue culture a patient's CTL precursor 
cells (CTLp) together with a source of antigen-presenting cells (APC) and the 

30 appropriate immunogenic peptide. After an appropriate incubation time (typically 1-4 

weeks), in which the CTLp are activated and mature and expand into effector CTL, 
the cells are infused back into the patient, where they will destroy their specific 
target cell (e.g., a tumor-related-antigen-expressing cell such as a cell expressing Her- 
2/Neu). To optimiz the in vitro conditions for the generation of sp cific cytotoxic T 

35 cells, the culture of stimulator cells is typically maintained in an appropriate serum- 

free medium. Peripheral blood lymphocytes are isolated conveniently following 
simple venipuncture or leukapheresis of normal donors or patients and used as the 
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responder cell sources of CTLp. In one embodiment, the appropriate APC's are 
incubated with about 10-100;/M of peptide in serum-free media for four hours under 
appropriate culture conditions. The peptide-loaded APC are then incubated with the 
responder cell populations in vitro for 5 to 10 days under optimized culture 
5 conditions. 

Positive CTL activation can be determined by assaying the cultures for the 
presence of CTLs that kill radiolabeled target cells, both specific peptide-pulsed 
targets as well as target cells expressing endogenously processed form of tumor- 
associated (e.g., p53 or Her-2/Neu) antigen as further discussed below. Specifically, 

1 0 the MHC restriction of the CTL of a patient can be determined by a number of 

methods known in the art. For instance, CTL restriction can be determined by 
testing against different peptide target cells expressing appropriate or inappropriate 
human MHC class I. The peptides that test positive in the MHC binding assays and 
give rise to specific CTL responses are identified as immunogenic peptides. 

1 5 The induction of CTL in vitro requires the specific recognition of peptides that 

are bound to allele specific MHC class I molecules on APC. Peptide loading of empty 
major histocompatibility complex molecules on cells allows the induction of primary 
CTL responses. Because mutant cell lines do not exist for every MHC allele, it may 
be advantageous to use a technique to remove endogenous MHC-associated peptides 

20 from the surface of APC, followed by loading the resulting empty MHC molecules 

with the immunogenic peptides of interest. The use of non-transformed, non- 
affected cells, and preferably, autologous cells of patients as APC is desirable for the 
design of CTL induction protocols directed towards development of ex vivo CTL 
therapies. Typically, prior to incubation of the APCs with the CTLp to be activated, 

25 an amount of antigenic peptide is added to the APC or stimulator cell culture, of 

sufficient quantity to become loaded onto the human Class 1 molecules to be 
expressed on the surface of the APCs. Resting or precursor CTLs are then incubated 
in culture with the appropriate APCs for a time period sufficient to activate the CTLs. 
Preferably, the CTLs are activated in an antigen-specific manner. The ratio of resting 

30 or precursor CTLs to APCs may vary from individual to individual and may further 

depend upon variables such as the amenability of an individual's lymphocytes to 
cutturing conditions and the nature and severity of the disease condition or other 
condition for which the described treatment modality is used. Preferably, however, 
the CTL:APC ratio is in the range of about 30:1 to 300:1 . The CTL/APC may be 

35 maintain d for as I ng a time as is necessary to stimulate a therapeutically useable or 

effectiv number of CTL. 

Activated CTL may be effectively separated from the APC using one of a 
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variety of known methods. For example, monoclonal antibodies specific for the 
APCs, for the peptides loaded onto the stimulator cells, or for the CTL lor a segment 
thereof) may be utilized to bind their appropriate complementary ligand. Antibody- 
tagged molecules may then be extracted from the admixture via appropriate means, 
e.g., via well-known immunoprecipltation or immunoassay methods. 

Effective, cytotoxic amounts of the activated CTLs can vary between in vitro 
and in vivo uses, as well as with the amount and type of cells that are the ultimate 
target of these killer cells. The amount will also vary depending on the condition of 
the patient and should be determined via consideration of all appropriate factors by 
the practitioner. Preferably, however, about 1 X 10® to about 1 X 10", more 
preferably about 1 X 10* to about 1 X 10", and even more preferably, about 1X10* 
to about 1 X 10^° activated CD8+ ceils are utilized for adult humans, compared to 
about 5 X 10® to about 5X10' cells used in mice. 

f^ethods of reintroducing cellular components are known in the art and 
include procedures such as those exemplified in U.S. Patent No. 4,844,893 to 
Honsik, et al. and U.S. Patent No. 4,690,915 to Rosenberg, the disclosures of which 
are incorporated herein by reference. For example, administration of activated CTLs 
via intravenous infusion is typically appropriate. 

Therapeutic compositions of the present invention contain a physiologically 
tolerable carrier together with at least one species of therapeutic agent of this 
invention as described herein, dispersed therein as an active ingredient. In a 
preferred embodiment, the therapeutic composition is not immunogenic when 
administered to a human patient for therapeutic purposes. 

As used herein, the terms "pharmaceutically acceptable", "physiologically 
tolerable" and grammatical variations thereof, as they refer to compositions, carriers, 
diluents and reagents, are used interchangeably and represent that the materials are 
capable of administration upon a mammal or human without the production of 
undesirable f)hysiological effects such as nausea, dizziness, gastric upset and the 
like. 

The preparation of a pharmacological composition that contains active 
ingredients dispersed therein is well understood in the art. Typically such 
compositions are prepared as sterile compositions either as liquid solutions or 
suspensions, aqueous or non-aqueous, however, suspensions in liquid prior to us 
can also be prepared. 

Th active ingredi nt can b mix d with excipients which are 
pharmaceutically acceptable and compatible with the active ingredient and in 
amounts suitable for use in the therapeutic methods described herein. Suitable 
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excipients are, for example, water, saline, dextrose, glycerol, ethanol or the like and 
combinations thereof. In addition, if desired, the composition can contain minor 
amounts of auxiliary substances such as wetting or emulsifying agents, pH buffering 
agents and the like which enhance the effectiveness of the active ingredient. 
5 The therapeutic composition of the present invention can include 

pharmaceutically acceptable salts of the components therein. Pharmaceutically 
acceptable salts include the acid addition salts (formed with the free amino groups of 
the polypeptide) that are formed with inorganic acids such as, for example, 
hydrochloric or phosphoric acids, or such organic acids as acetic, tartaric, mandelic 
10 and the like. Salts formed with the free carboxyl groups can also be derived from 

inorganic bases such as, for example, sodium, potassium, ammonium, calcium or 
ferric hydroxides, and such organic bases as isopropylamine, trimethyiamine, 2- 
ethylamino ethanol, histidine, procaine and the like. 

Physiologically tolerable carriers are well known in the art. Exemplary of 
1 5 liquid carriers are sterile aqueous solutions that contain no materials in addition to the 

active ingredients and water, or contain a buffer such as sodium phosphate at 
physiological pH value, physiological saline or both, such as phosphate-buffered 
saline. Still further, aqueous carriers can contain more than one buffer salt, as well 
as salts such as sodium and potassium chlorides, dextrose, propylene glycol, 
20 polyethylene glycol and other solutes. 

Liquid compositions can also contain liquid phases in addition to and to the 
exclusion of water. Exemplary of such additional liquid phases are glycerin, 
vegetable oils such as cottonseed oil, organic esters such as ethyl oleate, and water- 
oil emulsions. 

25 A therapeutic composition contains a tumor-associated agent (e.g», a 

polypeptide) of the present invention, typically an amount of at least 0.1 weight 
percent of agent per weight of total therapeutic composition. A weight percent is a 
ratio by weight of tumor-associated agent to total composition. Thus, for example, 
0.1 weight percent is 0.1 grams of agent per 100 grams of total composition. 

30 A therapeutically effective amount of a tumor-associated agent-containing 

composition, or beneficial compound therein, is a predetermined amount calculated to 
achieve the desired effect, i.e., to effectively benefit the individual to whom the 
composition is administered, depending upon the benefit to be conferred. Thus, an 
effective amount can be measured by improvements in one r more symptoms 

35 associated with the condition of the lymphoproliferative disease occurring in the 

patient. 

Thus, the dosage ranges for the administration of a tumor-associated agent 
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(e.g., a polypeptide) of the invention are those large enough to produce the desired 
effect in which the condition to be treated is ameliorated. The dosage should not be 
so large as to cause adverse side effects. Generally, the dosage will vary with the 
age, condition, and sex of the patient, and the extent of the disease in the patient, 
and can be determined by one of skill in the art. The dosage can be adjusted by the 
individual physician in the event of any complication. 

The compositions are administered in a manner compatible with the dosage 
formulation, and in a therapeutically effective amount. A therapeutic amount of a 
disclosed composition of this invention is an amount sufficient to produce the desired 
result, and can vary widely depending upon the disease condition and the potency of 
the therapeutic compound. The quantity to be administered depends on the subject 
to be treated, the capacity of the subject's system to utilize the active ingredient, 
and the degree of therapeutic effect desired. Precise amounts of active ingredient 
required to be administered depend on the judgment of the practitioner and are 
peculiar to each individual. However, suitable dosage ranges for systemic application 
are disclosed herein and depend on the conditions of administration. Suitable 
regimes for administration are also variable, but are typified by an initial 
administration followed by repeated doses at one or more hour intervals by a 
subsequent administration. 

5. Therapeutic Methods 

Various therapeutic methods are also contemplated by the present invention. 
For example, it has now been discovered that peptides derived from p53 and Her- 
2/Neu proteins are associated with specific tumors (or malignancies) and are capable 
of being used to stimulate or activate CTLs and may also function as "targeting 
agents", i.e., activated CTLs are "directed" to seek out cells or tissues expressing or 
displaying such peptides. Thus, the presently-disclosed compositions and methods 
expand and enhance treatment options available in numerous conditions in which 
more conventional therapies are of limited efficacy. 

The therapeutic molecules described herein and compositions including same 
have a number of uses, and may be used in vitro or in vivo. For example, the 
compositions may be used prophylactically or therapeutically in vivo to disrupt tumor 
growth or proliferation. Other useful therapeutic methods disclosed herein 
contemplate that tumor cells will be destroyed via administration of the therapeutic 
agents and compositions of the present invention. 

Th present invention also c ntemplates methods for determining the efficacy 
of the within-disclosed therapeutic comp sitions and methods. Exemplary meth ds 
for confirming efficacy are described in the Examples hereinbelow. It is expressly to 
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be understood that there are several methods available for determining the 
effectiveness of the within-described peptides, compositions and therapeutic 
methods. 

The present invention also contemplates methods of isolating "resting** or 
5 precursor CTLs. Resting (or precursor) CTL cells - i.e., T cells that have not been 

activated to target a specific antigen are preferably extracted from a patient prior 
to incubation of the CTL cells with the transformed cultures of the present invention. 
It is also preferred that precursor CTL cells be harvested from a patient prior to the 
initiation of other treatment or therapy which may interfere with the CTL celts' ability 

10 to be specifically activated. For example, if one is intending to treat an individual 

with a neoplasia or tumor, it is preferable to obtain a sample of cells and culture 
same prior to the initiation of chemotherapy or radiation treatment. Methods of 
isolating precursor CTLs are disclosed in U.S. Patent No. 5,314,813 to Peterson, et 
al., the disclosures of which are incorporated by reference herein. 

1 5 Methods of extracting and culturing lymphocytes are well known. For 

example, U.S. Patent No. 4,690,915 to Rosenberg describes a method of obtaining 
large numbers of lymphocytes via lymphocytopheresis. Appropriate culturing 
conditions used are for mammalian cells, which are typically carried out at 37*C. 
Various methods are also available for separating out and/or enriching 

20 cultures of precursor CTL cells. Some examples of general methods for cell 

separation include indirect binding of cells to specifically-coated surfaces. In another 
example, human peripheral blood lymphocytes (PBL), which include CTL cells, are 
isolated by Ficoll-Hypaque gradient centrifugation (Pharmacia, Piscataway, NJ). PBL 
lymphoblasts may be used immediately thereafter or may be stored in liquid nitrogen 

25 after freezing in FBS containing 10% DMSO (Sigma Chemical Co., St. Louis, MO), 

which conserves cell viability and lymphocyte functions. 

Alternative methods of separating out and/or enriching cultures of precursor 
cells include the following example. After lymphocyte-enriched PBL populations are 
prepared from whole blood, sub-populations of CTL lymphocytes are isolated 

30 therefrom by affinity-based separation techniques directed at the presence of the CTL 

receptor antigen. These affinity-based techniques include flow microfluorimetry, 
including fluorescence-activated cell sorting (FACS), cell adhesion, and like methods. 
(See, .g., Scher and Mage, in Fundamental ImmunoloQV. W.E. Paul, ed., pp. 767- 
780, River Press, NY (1984).) Affinity methods may utilize anti-CTL receptor 

35 antibodies as the source of affinity reagent. Alt rnatively, the natural ligand, or 

ligand analogs, of CTL receptor may be used as the affinity reagent. Vari us anti-T 
cell and anti-CTL monoclonal antibodies for use in these methods are generally 
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avaiiabte from a variety of comm rcial sources, including th American Type Culture 
Collection {Rockville, MD) and Pharmingen (San Diego, CA). Depending upon the 
antigen designation, different antibodies may be appropriate. (For a discussion and 
review of nomenclature, antigen designation, and assigned antibodies for human 
5 leucocytes, including T cells, see Knapp, et a!., ImmunolOflY Today 1Q: 253-258 

(1989).) For example, monoclonal antibodies 0KT4 {anti-CD4, ATCC No. CRL 8002) 
OKI 5 (ATCC Nos. CRL 8013 and 8016), OKT 8 (anti-CD8, ATCC No. CRL 8014), 
and OKT 9 (ATCC No. CRL 8021) are Identified In the ATCC Catalogue of Cell Lines 
and Hybridomas (ATCC, Rockville, MD) as being reactive with human T lymphocytes, 

10 human T cell subsets, and activated T cells, respectively. Various other antibodies 

are available for identifying and isolating T cell species. 

Preferably, the PBLs are then purified. For example, Ficoll gradients may be 
utilized for this purpose. 

6. F?^PrfifT^'"" Vectors 

1 5 The choice of vector to which a nucleotide sequence or segment of the 

present invention is operatively linked depends directly, as is well known in the art, 
on the functional properties desired, e.g., protein expression, and the host cell to be 
transformed, these being limitations inherent in the art of constructing recombinant 
nucleic acid molecules. However, a vector contemplated by the present invention is 

20 at least capable of directing the replication, and preferably also expression, of the 

gene encoding a protein or polypeptide or the present invention included in nucleic 
acid segments to which it is operatively linked. 

In preferred embodiments, a vector contemplated by the present invention 
includes a procaryotic replicon, i.e., a nucleic acid sequence having the ability to 

25 direct autonomous replication and maintenance of the recombinant nucleic acid 

molecule extrachromosomally in a procaryotic host cell, such as a bacterial host cell, 
transformed therewith. Such replicons are well known in the art. In addition, those 
embodiments that include a procaryotic replicon also include a gene whose 
expression confers drug resistance to a bacterial host transformed therewith. Typical 

30 bacterial drug resistance genes are those that confer resistance to ampicillin or 

tetracycline. 

Those vectors that include a procaryotic replicon can also include a 
procaryotic promoter capable of directing the expression (transcription and 
translation) of the beneficial protein gen in a bacterial host cell, such as £. co//, 
35 transf rmed therewith. A promoter is an expression control element formed by a 

nuci ic acid sequenc that permits binding f RNA polymerase and transcription to 
ccur. Promoter sequences compatible with bacterial hosts are typically provided in 



wo 96/18409 



PCT/US95/16415 



-56- 

plasmid vectors containing convenient restriction sites for insertion of a nucleic acid 
segment of the present invention. Typical of such vector plasnnids are pUC8, pUC9, 
pBR322 and pBR329 available from Biorad Laboratories, {Richmond, CA) and pPL and 
pKK223 available from Pharmacia, Piscataway, N.J. 

Expression vectors compatible with eukaryotic cells, preferably those 
compatible with mammalian cells, can also be used to form the recombinant nuci ic 
acid molecules for use in the present invention. Mammalian cell expression vectors 
are well known in the art and are available from several commercial sources. 
Typically, such vectors are provided containing convenient restriction sites for 
insertion of the desired nucleic acid segment, and provide the signals required for 
gene expression in a mammalian cell. Typical of such vectors are the pREP series 
vectors and pEBVhis available from Invitrogen (San Diego, CA), the vectors pTDTI 
(ATCC #31255), pCP1 (ATCC #37351) and pJ4W (ATCC #37720) available from the 
American Type Culture Collection (ATCC) and the like mammalian expression vectors. 

For controlling expression in mammalian cells, viral-derived promoters are 
most commonly used. For example, frequently used promoters include polyoma, 
adenovirus type 2, and Simian Virus 40 (SV40). The early and late promoters of 
SV40 virus are particularly useful because both are obtained easily from the virus as 
a fragment which also contains the SV40 viral origin of replication. Smaller or larger 
SV40 fragments may also be used, provided there is included the approximately 250 
base pair sequence extending from the Hind III restriction site toward the Bgl I site 
located in the viral origin of replication. Also contemplated is using the promoter 
sequences normally associated with the desired sequence for expression, e.g., 
adenovirus 2. Origins of replication may be provided either by construction of the 
vector to include an exogenous origin, such as may be derived from SV40 or other 
viral sources such as polyoma, baculovirus, or adenovirus or may be provided by the 
host cell chromosomal replication mechanism. The latter is sufficient for integration 
of the expression vector in the host cell chromosome. 

Adenovirus-based vectors are described in greater detail in published PCT 
application no. W094/1 7832, the disclosures of which are incorporated by reference 
herein. Other useful vectors are described in the Examples hereinbelow. 

A vector of the present invention is a nucleic acid (preferably DNA) molecule 
capabi of autonomous replication in a cell and to which a DNA segment, e.g., g ne 
or polynucleotide, can be operatively linked so as t bring about replication of the 
attached segment. In the present invention, one of the nucleotid s gments to be 
operatively linked to vector sequences encodes at least a portion of a mammalian 
Class I MHC molecule. Preferably, the entire peptide-coding sequence of the MHC 
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gene is inserted into the vector and expressed; however, it is also feasible to 
construct a vector which also includes some non-coding MHC sequences as well. 
Preferably, non-coding sequences of MHC are excluded. Alternatively, a nucleotide 
sequence for a soluble ("sol") form of an Class I MHC molecule may be utilized; the 
5 -sol" form differs from the non-sol form in thet it contains a "stop" codon inserted at 

the end of the alpha 3 domain or prior to the transmembrane domain. Another 
preferred vector includes a nucleotide sequence encoding at least a portion of a 
mammalian 02 microglobulin molecule operatively linked to the vector for expression. 
It is also feasible to construct a vector including nucleotide sequences encoding both 
1 0 a Class I MHC molecule and a B2 microglobulin. 

A preferred vector comprises a cassette that includes one or more 
translatable DNA sequences operatively linked for expression via a sequence of 
nucleotides adapted for directional ligation. The cassette preferably includes DNA 
expression control sequences for expressing the polypeptide or protein that is 
1 5 produced when a translatable DNA sequence is directionally inserted into the 

cassette via the sequence of nucleotides adapted for directional ligation. The 
cassette also preferably includes a promoter sequence upstream from the translatable 
DNA sequence, and a polyadenylation sequence downstream from the mammalian 
MHC sequence. The cassette may also include a selection marker, albeit it is 
20 preferred that such a marker be encoded in a nucleotide sequence operatively linked 

to another expression vector sequence. 

An expression vector is characterized as being capable of expressing, in a 
compatible host, a structural gene product such as a mammalian Class I MHC 
polypeptide, a B2 microglobulin, or both. In particular, expression vectors disclosed 
25 herein are capable of expressing human Class I MHC molecules and/or human B2 

microglobulin. 

As used herein, the term "vector" refers to a nucleic acid molecule capable of 
transpoaing between different genetic environments another nucleic acid to which it 
has been operatively linked. Preferred vectors are those capable of autonomous 

30 replication and expression of structural gene products present in the nucleotide 

(DNA) segments to which they are operatively linked. 

As used herein with regard to DNA sequences or segments, the phrase 
"operatively linked" means the sequences or segments have be n covalently joined 
into one piece of DNA, whether in single r double stranded form. The choic of 

35 vector to which a cassette of this invention is operatively linked depends directly, as 

is well known in the art, on the functional properties desired, e.g.. vector replication 
and protein expression, and the host cell to be transformed, these being limitations 
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inherent in the art of constructing recombinant DNA molecules. 

In various embodiments, a vector is utilized for the production of polypeptides 
useful in the present invention, including MHC variants and antigenic peptides. Such 
vectors are preferably utilized in conjunction with bacterial "host" cells adapted for 
the production of useful quantities of proteins or polypeptides. Such vectors may 
include a prokaryotic replicon i.e., a nucleotide sequence having the ability to direct 
autonomous replication and maintenance of the recombinant DNA molecule extra- 
chromosomally in a prokaryotic host cell, such as a bacterial host cell, transformed 
therewith. Such replicons are well known in the art. In addition, those embodiments 
that include a prokaryotic replicon may also include a gene whose expression confers 
a selective advantage, such as drug resistance, to a bacterial host transformed 
therewith. Typical bacterial drug resistance genes are those that confer resistance to 
ampicillin or tetracycline. Vectors typically also contain convenient restriction sites 
for insertion of translatable nucleotide sequences. Exemplary vectors include the 
plasmids pUC8. pUC9, pUC18, pBR322, and pBR329 available from BioRad 
Laboratories (Richmond, CA), pPL and pKK223 available from Pharmacia 
(Piscataway, NJ), and pBS and M13mp19 (Stratagene, La Jolla, CA). Other 
exemplary vectors include pCMU (Nllsson, et al.. Cell 58 : 707 (1989)). Other 
appropriate vectors may also be synthesized, according to known methods; for 
example, vectors pCMU/K" and pCMUII used in various applications herein are 
modifications of pCMUIV (Nilsson, et al., supra). 

A sequence of nucleotides adapted for directional ligation, i.e., a polylinker, is 
a region of the expression vector that (1) operatively links for replication and 
transport the upstream and downstream nucleotide sequences and (2) provides a site 
or means for directional ligation of a nucleotide sequence into the vector. Typically, 
a directional polylinker is a sequence of nucleotides that defines two or more 
restriction endonuclease recognition sequences, or restriction sites. Upon restriction 
cleavage, the two sites yield cohesive termini to which a translatable nucleotide 
sequence can be ligated to the expression vector. Preferably, the two restriction 
sites provide, upon restriction cleavage, cohesive termini that are non- 
complementary and thereby permit directional insertion of a translatable nucleotide 
sequence into the cassette. In one embodiment, the directional ligation means is 
provided by nucleotides present in the upstream nucleotide sequence, downstream 
nucleotide sequence, or both. In another embodiment, the sequence of nucleotides 
adapted for directional ligation comprises a sequence of nucleotides that defines 
multipl directional cloning means. Where the sequence of nucleotides adapted for 
directional ligation defines numerous restriction sites, it is referred to as a multiple 
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cloning site. 

A translatable nucleotide sequence is a lin«.. • . 

"""I „,„ „, - »■■■ 

• ...«n, „.™. p,„„.„, „ ' ° • Po'VPeptld. in one 

» c. rrBTeraoiy, the nuclootide seouenca i« » nwA 
5 there is preferably 8 seou«n.- 'sa DNA sequence. In addition, 

m.,.»„,h,„n.,„ p„„„,„ „ . ^^^^ 

:::;::::;".";::.::rn:::^^^^^^^^^^ 

molecules), or a vesicle or Pnw»i °' "^''^^ 

iO ,,9801. • - " 6I°I. mm 80,5.80,8 

=n::=^^^^^^ 

resuio.lon endonucl.a^e .1, . , ' 
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„c,„s induct. — S.v.^ ^^^^^ 

■ is.a e Q . Ksulmsn, Mnth, fnTvmnl, 185- 

: .»«c. .e.s,.nc.. .cb ,s 

„ „„.v.n — - ,„ ,„„,„c,lon SUCH ,ha, , pop..i.n .< 

,„„.,.,ior,l con,..l seqoencs. and a po.yl.nka. < P ^ 
,„ns,...bi. n.c,.o„da s„.ance in ,he »„ec. " ' "^ J^^,,,, ^^.n 
., „h • C.I1 trom a murine species, oi in a pconaiv 
20 a e.ka-VP.l» call, such as a cell <r ^, 

„ co», .s,n, con.en,i.na, ,p.,a„velv 
de„n,n, a promote, .or IniUaUng '"—^^^^ .cnleve 
a. .e . .erm,„.s ^.^.d calls lor a-mple, . 

,.,als o, ,.ne --" ^^^""Z., promo.ers ,o , — °' 

25 co«- I. ■» — >• , clen,,, 

mRNA, but also ribosome binding sites to 



co,,-,.or example, .arlbosomabln*,.^^^^^^^^^^^^^^ 

and . serene. 3. ^ "1 se.ence 
30 ,.e lnl,l„l.n cdon ISHne a, ^ -^^^^^ „ ,be 3' end . 

„Hch is called .he Shine-Oalgarno (SOI saq. ^, 
,„,,.esm„.. Bind,n=o.,.^^^^^^^^^ — °' „ , 

„, ,n mRNA can b ... bv ^ ,„d (21 >tie 

complementarKy betvaen .b. SO seaoer,c 

35 spacm, and posslblv ,be ""^ , al., 




wo 96/18409 

l'CT/DS93/1641S 

-61- 

•l;CslLZa: 543 II9S0I.J 

0ptimi2.tlo„ls5,„„.„ 

.™"s.a,.„ ,„„.",tr ;r: r " - 

'° one v.c o/»^,r™/r : 

.... rr: :; — ^ 

contain an inducible promoter seauen.p • . 

.!» P-=,„ab,. ,.a, .ec, o, choice be bLX " " 

20 hos,. fo' expression in ,1,, chosen 

25 reference. °' ""'^^ h«^«by 

incorporated by 

n....o,,.es.,peb,. o, e Z " ™* 

-..n.io„. The ::::r; - - • « 

30 c,s„on. Thus. , J 7 : """"" °' " """" " " ' 

--on ,b. eon.,0, e,,2: ; Z J::'"'""''''' 

Pwpose. The ,.s.„„, ....:Z~Z'"'^T" ' 

DNA xpr ssion contr I sepuenc s compris a s t of oma 
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-':z::::z:r:L.. --r. :::::r 

•«tr. thft cassette portion of the vecior lu h 
.iot5.hie DNA sequences into the casseivc h 

:r:'..o.---n;— ^^^^^^^^^^^^^^ 

■ 're described in the Examples section. 
20 transformation are descrme 

-;r r :r:::::::r ^^^^^^^^ - — r " 

surface of .ts cells. Any .^^^^^^ 3„d 

25 -s are appropriate for t.s ^o.n Wiley 

— cel. lines '^^-^ ^^^^--^^ ^ 
&Sons, NY (1 991 K tor summaries and p 

o, cell lines, e.g.. coli and S. ce.«w5/ae.) ^^^^^^^^^^ 
Preferably, the cel. line is a eukaryot.c cell line. M 

30 is a mammalian cell line. _ „ansformed cell line capable of 

„ 3 preferred embodiment, the cell s a ^^^^^ ^ 

r « riaQs I MHC genes; more preteraoiy, 

c,„.,.,e =. expressing o,,^....- « ' ^, 
,5 a.p...s.« mic..g.obu«n is h.-.n S2. A p.ele, 

,„.en„pn is C,P.»« ». s,s«e r u.nsien, exp,es.,p ■ ^^^^ ^^^^^^^^^ _^ 

A vec,=. mev b. uSzed t. ..ens.ormmenslect 
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present invention. Many vactnrc 

.60... ""cu.s.d i„ ,„.,„ 

In on. .moooimen,, ,1,. cDNA, encoding MHC .nd 
c...n,„c,.d ,n.o I J . T"''' ~" 

" m,c,„„..„„„ ™, o;:,„t ■ ..^r''-''- ---^ mho .no 

n.c,eo,id. ,„„.„o, ""• •=°™-" .xP'.s.lbl, h„„.„ 

' 5 -on. oo,on„, con Oe , , 

503 ,,375, r d " " """"" ='""'"'»• 

1 w.;r I ;:r: °r ' °' 

20 -Pi.c, cn,..nc 00 Wid. 0 °' »' • 

.,. d,„:: : ~ ^.o..., 

.™ns.o,™„„„«„„„.„,<,„ 7^ 'n .dd,„o„. socc..,„, 

6.a„n, , """""'^ '^^ »' '.CO, 

« in o,d„ ,0 „ .prnr , ^ -"•'"">»■'•■ 
^.v .... ,.,0.. ir: :r r — °' - 

-e. A,,., . .,.o„ .d„ Jo'.,,: tr:; : : »< 

.<l<l.d .t , p,.d.,.,„i„od con«n„.,,.„ „ 7 •■<■ 

, p'.».-.» d.oo„.d n.,.i„oZ 

a=ti..,ion Of CDS c.ns WM. ,K- 1 i" th. 

P-.P. .-n.,„.d, :;: o™ ™' ~ - 

Of resting or precursor CTL fCD8) cells. '° 
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preferably used. 

,0 .pp.o.,i=.. antigens an. '""^ » ^ ^„ MVP.Pttdes, 

p,esen< Invention n,e, be osei .o d„.c, . ^^^^ 
,„„,„ne ..e,eo,. — elv. -l^;^^::^^^,,..^,^... =■ Po-na 

r::pr:::::-^ 

, 5 sentple, sue. ,s a .0., '--^'J' ';;;"!,. en. polVpeP-^s - - 

.ssevs .0, ....«ln, an^ " ' . . ^^^^^^^ ^^^^^ 

,„ „s ,a,ge, species Is ..e ,«»e, an.„en, 

™,hod p. .lo» .IcC—'-V ' »nen.ve, .he 

. pS«e,lve» 0- a ^ t, „ „, ,ne lns»n, 

„„„.s=.nc. ln.en.1,, assccatad » ^^^^^^^ '^^^^^^^^^^ , „„,„,„ed ,n..sMd 

25 „uo,escen,.l,.e„d a«l«d..s ,d ~ .„,.lpcvana»-»niu,a,ed 
,e..,. Th. labeled antibodies are ,yp.c.«V .loo- 

,P„C,, e..ho.,n «.ne, well .no»n ' , „, „,o.o.ln, 

■ An». Pect »< «- P'"- * C^^^^ oon..c,ln= a soliab-a 

^K-a nr Her-2/Neu antigen, comprisma 
an immune response to a p53 ^^^^.^^ a 

30 cv,o..xl= T lv™noov» - : . CU epitope. -eoUad 

„.,„.le oontp-lslng a peptide sela . _ ^ 

nresent inv ntion and tne poivM^H 

„nte« o, tna .e.b d o, „n» be 

S.cb e contact i:,,, epitope, ... o. 

rer:r.:oV^n:o:.sdesc.lbadabo.,and.C..a,occo,.W,.e. 
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A diagnostic puroosA n* 

1.1 contacting tatoet cell. , ' """""'M "» «eps oC 

comprising „ |.„, „„„ . "7 '""•"^ ^ „i,^ . ^I.cole 

25 .nd ,c, „.,.™ini„g ° '» '"P""- " .PP..prlat. targo, cell,; 

..... c... ,.te.v indicting t. r.:;~^ ■ ~ - - 

• .-"~d P-otein „.g.. pe3 o, Z IZ ~ ' " 

Another preferred embodiment is dir„,.H , 
'vmp„,o„.s o, . „^ J 'I P< detecting ,in 

30 c.,1 epitope «, tomor-releted ,n „ '"^ " ' T 

— "::^r:z:::::r'"^"-'^'-'''^ 

I" cmaoting ,H. „ J °7 ' ■ '»"o»lng steps, 
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amova anv unbound labeled molecule: and 

* ,.i„W, u,.d in ... come.. °' * „e „o,ocu,. 

..V. b placed wi.1. 2 ^ , ,.„e,o. 0,he, 

„ 0*0. s.»«. '";: 7 „„o,=sc.. i.o*iocv.oe» 

:ot~ . .e 

side groups -sing methods" as aikeline phosphmse. A 

' — sr::: ..ma o. <.e.et con., .nd 

concentretions ol boond Wend. ..e.. pepfde ^^^^^^ .^^ 

SpecKic .etnods osed "^^^^^^ , , ,.en popo,e„on 0, 
de,....nin, »e ' 'J^ ,.3, „e con.ecin, o, .os, 

,0 ce.s e.e ...» ,n ^ ^^^^^ „,„„do,es .a, te« p.ace 

„™Mcvtes occo,nng ,n .h. ato-edesc ^^^„ 

„Vo on ,n W,™. H "/l ,„ „„o. the ™tnod 

'■"T:::or;::-^^^^^^^^^ 

identified here.n as D.agnost.c „,„,ides for the detection of human CTL, 

2B -tdin,.. the :r :ln o, sospeced to Pe p.odocin, 

iostance in P,ood o, othet , soes p ^^^^^ _^ ^^^ ^^^^^^ ^^^^^ .. 
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Accordingly, a peptide of th 
' ne contact between ami 

; —V co.p,,s./ j: r;::* - - 
~:r:r ^^^^^^^^ ,„ , 

» no, .p """"" =™ 
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nunt of immunoreaction product formed 
Oetermmatior, of the presence or amoun .^^^^^^^ ^ 

„ the method selected for ident,fymg the pro 
depends upon the metn immunocomplex witn a p 
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d tectable and/or detected Thn 

„ ,„1'^;' ~ • ^"V ..n.p.= 

■ *.cn^..o... t..,.„j„j:: 

, °' ' '"""^ « — Toe • -^^ 

Diagnostic systems fnr r^«w 

-pps^on e„™«„, J, «• - . 

" — ■ ^«"e- lns,.e„.„, ^J*';;^"" .™=c„p„ p,..„„ 

p.*-. .p. J, ™ " -menanP. „™ 

I" »™ .m.pp,„e„, . " """" .nP 

P-...np. p, ,P.o,..s. J: " 'O' in .«.v., 

»'P..™,pp,v„.p,«„ J " 7 P*P.P«d,., „, 
expressed on eel/ surfaces. 
An exemplary kit is thus provided as ,n . 
— - -e, agents 0, the P.eselt i '^^^^^ ^ - « 

comprise antibody combining site-contain" '"'^^ 
••-unoreacfng with tumor ss i e :' ^^'^ "^^'^ 

"-.ody combining site" re^t °" ^^"^ ^ 
— o, a heavy and light chli ^hr^ '"'"''^ — 
specifically binds (immunoreacts with, an i r ''""^""'"^ ^^-^ that 

When an antibody and its cognate rec p. rT '^-d. e.g.. 

•n another variation a kit accod- °' ''°'^P«Pt'«'° ''"munoreact. 

enclosure (package, that comprises a co 7 ''^ "^^^''^^'^ « - 

a conta.ner.ncluding antibody combining Site- 
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: ri - — ' " 'v 
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,„„.„„, =n<.b..V '""""V p,ov,d.a . coa-..~o< .b. 

,„„po,.,.on 0, ; M,.,.^,.^-. 3-« ..SB... 
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■"•'•"""""•••<■'«»». ..g., . ,OmM CHAPS , 
'.'"6,043, „„,e. „„„ ^" " "<'■ "".0=0; No. 3,8S0,7„; 
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Example 1 

• u»»ll«S^tt=^ ,.,,CTUspecmclo,p53 peptide "..'P™"'^'" 
Cv,o,oxi= T „n,phocytes (CTU sp ^^^^^ ^^^^^ ^, 

peP>-. - - '7,:" , .„ p,„„d„.s a,e a= o„*ed 
20 „,m«i»-™n..ed.,3-=e-""»- 

Peptides -HO- "mpns. 8 to n ,e„8,l, 

. ,3 s=— "'''t:::::::!! s.,.» e...,. ...in. 

: ,n. .oond peptid. - --'^ ; „oove ,M.dd.P e, s>., 

0, *e peptide ""-7 ° '^ l.^. «,oenc. ens„s1s 0. MHC 

3^""^ rr.»no ..s.o.s .t de,i.ed >^ 

Ooo.d peptides xes .e.eated . „93,.. T„.se eo„oo ecd 

30 ecld residue positions ,Fe... e. el- , „.ove 

,„,d„es e,e «»e-.d to « .^^-^^ 
IM,ate„etal.USMsJ51-'^' 

11992)1. ,„ based 00 the tetoraliv-oocumna sequence o( 

T„e P53.d -ived P.Pf"' - ^„„,,„, „ ,ne eo,in. ecld 

35 ,.e no..n pe3 9ene. T- pept.des e.e d» ^n-d ^^^^^^ 

.esidoe position ,,0. ,ne, ete d^^= P ^ „ . 
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73 are described in Houbiers. et at. £ur j . 

Peptides P53.264-272 and p53 ,^3^^^^^™^= ^072-2077 ,1993,. 

T^e P53.2S4-272 and ,1^^^ " 
A2.res.icted peptide .otifs ,Pa.. et a,' JZ^^ r °" ^'^ ^ 

1261 (1992,, The ^'"'"^^ ^'^^^^^ Hunt, et a/.. 

methionine, valine, alanine or th e " 
oianine, or threonine at the sp/-n«w 

-n,.. ^ ,„ J:1:7'; .7'«7-- »' — ca,.., 

p.p.«. „.,„.„,^„ j;;;' ... 

~. „ ::::::: r ':r 

P. „ ;;;;;;; -o, p. „ 

Tfta an,™ „W „sia„. „ 
' ■ gl>,.„ 3,0 „. J '«"0,iv. SEQ ,0 NOS in Tab.e 

-va- ...m po„™,o„ J p,ir:o:r "'"^^ 
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Peptide 

P53.25-35 
P53.65-73 
P53.149-157 
P53.264-272 
HIV pol 510-518 
FLU NP 365-373 
VSV IM 52-59 



Amino Add Residue 
Positj(?pi 

25-35 
65-73 
149-157 
264-272 
510-518 
365-373 
52-59 



Amino Acid 
Residue 

LLPENNIVLSPL 
RMPEAAPPV 
STPPPGTRV 
LLGRNSFEV 
'LKEPVHGV 
ASNENMETM 
RGYVYQGL 



lyn 

1 

2 

3 

4 

5 

6 

7 



PCTAJS95/16415 

WO 96/18409 

-74- 

this assay. test peptide -es .nc ^ 

,0 - '^n:::;::rir;pee.s to p« ...... » 

p-oteio (Mu.«. . ,„,.,o,6 (,99111. O.ring this 

(Vitiello. et .1-. JJai-MBL-LU- „ 
,„C.Petlo.. the .es, peptide ."d -'^"' '^'^"^Z^ ,„„„s„ze A-spe* 
«.WK.. Tb. e,..clenc " "'te-get ce»s with A-speei« 

, 5 p,p«d. was than determined W ; ; „„.. „ .e.nd 

CtL ,a.,ec,o, ee»s, a.d .ss.v.p9 vs. o t- 1. ^^^^^ 

,as, peptide to . «9'" ' J " ceH, «o..d ™su.t. « 

,„„„a„za A-speci.le CT.-.ed.ated .,s,s o the ta 

.ed bound tne lo-toen. --^'^^ ^ „„b w«ch the 

20 pep- °' T " e^essed as ,b. pe.sen. InNb.on o, 

,„„„e„a, A.™d,a.ed tvsis o. tbe ••"""'■J,. ,ne dose-depeoden, ,.t..l.»sMP 
„.s.anad within e.=bexp..imer. to demonsuate, 

h.,„eeh the el.ecto. and ta.gat „|dehe. that th. 

Additional peptides -'""^l^^^^^^, ,h. peptld. HIV 

peptides we,e =77* ,0 A.. It was tha.ato.e 

p., 510.M8 has pr.v,ooslv h,„dln, ol th. 

p,.dlc,id that blndlh9 o. th,s ■ ; „ ,„„„eh.a A-specltlc 

,„„oah» A.specl.l= pep.l^e to A2 and .do ^^^.3,3 

30 -t.lvsethata.e,ce,ls. ^P^^^^^^^^^^^^^ ^^^^^^ 

h„„ Shown .0 bind to K and H » ^.^^^ _^ „™,d 

predicted that these letta- two peptides wo ^^^^ ,he 

,.,.,o,e a„.w the -'"'^^^^^l^ZlZ I the el.lclent Ivsis 0, the ta.pet e.lls 
,„,.en.a A-=P-"= ; ';*\„,„. ..o.nces the eon„o, 

35 h, in.lo.nza A-sp.c...c CU. Th _ 

p.p,id.sendthel..espect.veSEO10NO 



wo 96/18409 

fCTWS95ll64I5 

-75- 
Th. A2.'«. u.^Z!^^''''''^^-'^^^ 

«""c, expression o( th. A2.i;k' „„. h . . 

31. Ili). Sp,.e„ CIS ,sb„u, ,0. * r """" °' 

"«m ,h. ,„„s5e„ic mouse .ein ,„o , ' Z "" "''^ 

c.,o... ,o ^„ „. ; ;™ 5 T„s..o„e,e. e..o„i„. 

..~ ,„ nPM, s„pp,e„.::;::r;;r — 

».ve,e. „, sp,.„oev,.s. ^17 °'""' —.3™ 0, Cop A. 

=e„sMe„ ,„ e vo,„.e p, z ,„ 3 Z T^Z""""" " ' »' ^ « ■<>' 

■5 atmpsphere. 3' C ,p a humidili.a 5% CO, 

The eell-surfaee expression o, A2 „„ ,u , 
°' o, on ,ne Con A.s,in,„,a,.„ , °' 

=.0™,. .ACS ,v: Been ::^::tt"" "° — ^ 

, —ions. Tne blo.lnvlp HU ^7 '» 

' 3m,Pod, MA2., iMcMichae, et e, Hun, ""■"■'-"cin. monodon., 

PhvcPe.,n,ln.eo,u,„„ s., p .1^^^^' - 

"n,uno,lo„ „l„ p^es anlysls '» 



35 




Influenza A vi,us p p,ip..s„ecl,ie CT, , „ 
V-3...Se, ceils displaying ,„,, J,,;"'' " "P.« o, „ld „,„ 

»«' — ■-»p.3vio„s,:;.::~ 

mer p53.derived peptides in 



wo 96/18409 



pCrA3S95/l64l5 



..id r.sld.. ^„ „ -Ck,,.. 12- .nd -A cl.n. 

™ ..... ' - r::.:r::.r.d ..d 

.„ .... cu ,...=.s. T.. ...0.. ... » 

, 5 ....... .-.p.* .v v ...... ... - 

p„pu,.,l<.as..d..c*.d.nE..™l.'A"- 

20 below. 

..„. . ... -"7:;;:::: : :: ..v™.» - ....... d...- 

T.. trim- 109. (.983"- "^^^^ 

previously d..c.l..d H'"!"- « " ■ co.r.n......d V.I.. ... 

;SV2 ™o ......Id con,.ln,., ... ^''^J^^ll „, p^,p... .d„...d 

„u™ (PBS, w... ".lx.d V.I.. 10« 0, P=;^- „,„3,....d .V 

"t;;:::— ^^^^^^^^ 

35 c...9.d .0 ^,„„„ -,„ „P„, ,640 c n,.ln,n, .O'* -..'I 

Transtected EL-4 cells wer 9 • „ :,nd 5 x 10* M S- 




wo 96/18409 

PCT/US95/J6415 

-77- 

mercaptoethanol (RPMI lo%). After a 5d k • 

were se.ecte. for neomycin resistan e . ^ ""^ 
^aborarones. Gran. ..an. "^^^ 
- ce„ surface expression of A^.r^^: ""^ -e. 
5 1A2b. ''^ '^^'^S analysis as described in Example 

--^ -c-con.,..., a::~:r r " " 

-"•tant EA2 cell line was maintained in RpJ, > t''""' ^"'^ 

surface expression of fay the EA2 c T. °' 

analysis as described in Example 1A2b. "^'^ Periodically verified by FACS 

Jurkat (American Tissue Cultum r„ii • 

. — - ■ « tzzt: 7t ^ 

«.s=,.tad .bov, ,„ EL.4 c.ll, . '''^^^-J'"'^- '09' "9891, „ 

„ ~ ,„„ 

P«.l»e ,0 ,h. ,„,e, " ' ^'»"' "'"-ins o, 

--e„. ^. - c ^ 




pCrA3S95/16415 
WO 96<18409 

-78- 

,.„„ouM.io". ™ ™«™"' , ,„„„„„=m v,.s ,emov.d 

Table 2 

SEQ ID NO of 
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and H-2DS respectively, but not to A2.1/K^ It was therefore predicted that these 
peptides would not bind to A2.1/K'. thereby allowing the influenza A-specific peptide 
to bind A2.1/K' and influenza A-mediated CTL lysis of the target calls to occur. 

As also indicated in Figure 1. the p53-dorived and HIV pol peptides efficiently 
bound to A2.1/K^ This is evidenced by the low efficiency with which the influenza 
A-specific CTL lysed the target cells. 

^- PreparaTinn nnfl MaintBnnnrp of dS.t PpntiH,.gpf. cifi^ m ro| | | j n^^ 
A2.1/K'> transgenic mice from Example 1A2a were immunized simultaneously 
with p53-specific and HBc-specific peptides. An HBc-specific peptide, derived from 
Hepatitis B virus core protein and comprising amino acid residua numbers 128 to 140 
(TPPAYRPPNAPIL; SEQ ID NO 9). has been found to induce a CD4 T cell helper 
response (Sette, et al., J. Immng^i, ^i^;^- (1994)). 

Spleen cells were harvested and p53-specific peptide reactive CTL 
populations were recovered. The p53-specific peptide CTL populations were 
maintained by weekly restimulation with their respective p53-specific peptide 
presented on the surface of target cells in the presence of irradiated spleen cells and 
T cell growth factor (TCGF). 

P53 peptide-specific CTL cell lines were prepared and maintained as follows. 
Each A2.1/K'' transgenic mouse was immunized subcutaneously in the base of the 
tail with 100//g p53-specific peptide and 120//g HBc-specific peptide in 100 //I 
Incomplete Freund's Adjuvant (IFA). 

A2.1/K* lipopolysaccharide (LPS)-blasts, to be used for in vitro restimulation 
of mouse-derived spleen cells, were prepared from unprimed A2.1/K'' transgenic mice 
by suspending splenocytes in medium containing 25 ;/g/ml LPS and 7 //g/ml dextran 
sulfate. Cultures were established with 1.5 x 10» splenocytes/ml in a total volume of 
30 ml and incubated at 37'C for 72 hours in standing T75 flasks (Sette, et al.. i 
Immunol . 1{>3 . (1994)). Prior to restimulation. the LPS-blasts were incubated in the 
presence of 5 //g of a p53-specific peptide and 10;/g human B-2-microglobulin 
(Calbiochem. La Jolla. CA) and irradiated (about 3,000 rad). 

Murine spleen cells, collected 1 0 days after immunization, were restimulated 
in vitro with the irradiated A2.1/K* LPS-blasts which had bound the p53-specific 
peptide. The resultant p53-specific peptide CTL populations were maintained in vitro 
via weekly restimulation. Stimulator cells, EA2 cells expressing A2.1/K* (EA2/K*), or 
Jurkat cells expr ssing A2.1/K'' (JA2/K*), wer irradiated (about 20,000 rad), 
incubat d with 15 ;>M of th p53-specific peptide for 1 hour at 37-C. and washed 
three times to remov unbound peptide. CTL populations were restimulated by 
incubation with the irradiated EA2/K» or JAZ/K" stimulator cells with the bound p53- 
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specific peptide at a concentration of 0.1-0.2 x 10* cells/well in the presence of 
irradiated (3.000 red) C57/BL6 spleen cells in the presence of 2% (v/v) TCGF. TCGF 
was prepared by stimulating rat spleen cells with 5 fjg con A for 2 days and then 
collecting the supernatant containing TCGF. Con A is inactivated by incubation of 
5 the supernatant with 1 gram/ml (gm/ml) a-methyl mannoside prior to incubation with 

the CTL populations. 

CTL specific for p53 peptides p53.25-35, p53.65-73, p53.149-157, and 
P53.264-272 were generated using the methods described above and are designated 
CTL A2.1/K'' 25, CTL A2.1/K'» 65, CTL A2.1/K* 149, CTL A2.1/K^ 264, respectively. 
1 0 CTL specific for the influenza A matrix peptide (Ml (55-66)) was generated by 

methods similar to those described above and in Vitiello, et at., Jd- CTL specific for 
M1 (55-66) was designated "A clone 12" (which may be abbreviated "Clone 12"). 
B. p«^?t-Rn>.rific P ffpt'fl'^ r.Ti .MPriiated Lvsls of Ti^rqet Cells 

The sensitivity of target cells with either exogenously or endogenously 
1 5 derived p53 peptide bound to A2.1/K'' on their surface to p53 peptide-specific CTL 

was evaluated in a cytotoxicity assay. The details are as follows. 

1. piT ^^"*^^'"^ P p mi^" <^T' -Mediated I vsis of Tamfit Cells with 

FynnRnouftlv Dftrived p ff'^-gipt^ritir Peptide 
The sensitivity of target cells with p53-specific peptide bound to A2.1/K'' on 
20 their surface to p53 peptide-specific CTL was evaluated by the standard »'Cr-releas 

cytotoxicity assay as described in Example lA2e. Briefly, target ceils with p53- 
spccific peptide bound to A2.1/K'' on their surface were radiolabeled with »'Cr and 
incubated with peptide-specific CTL (effector cells). After incubation, the 
supematant was assayed for the release of "Cr from the labeled target cells. The 
25 release of *'Cr is correlated with lysis of the target cells and thus is an indication f 

the sensitivity of the target cells to lysis by the peptide-specific CTL. 

EA2 cells transfected with A2.1/K' were incubated with 2;/g of the p53- 
specifiC peptides (p53.25-35, p53.65-73, p53.149-157, or p53.264-272) while 
being radiolabeled with *'Cr as described above in Example 1 A2e. The p53-specific 
30 peptide-bearing radiolabeled EA2 cells (target cells) were then incubated in the 

presence of the corresponding p53-specific peptide CTL (effector cells) which had 
been prepared and maintained as described in Example 1A3. 

Separate r acti ns comprising different ratios of effector to target cells (E:T) 
of 10:1, 3:1, 1:1. 0.3:1, 0.1:1. and 0.03:1 were prepared. Th amount of *'Cr 
35 release was determined as described in Example 1 A2e and is illustrated in Figures 2A 

through 2D, expressed as percent specific lysis plotted against the ratio of effector to 
target cells IE:T). 



n % 
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As can be seen in Figures 2A through 2D, CTL A2.1/K** 25, CTL A2.1/K** 65, 
CTL A2.1/K'* 149, and CTL A2.1/K'* 264 specifically lyse EA2.1/K"' target cells to 
which the respective p53-derived peptide is bound. Target cells without bound p53 
peptide are not specifically lysed by their respective CTL. 
5 2. p53 Peptide-Soecific CTL-Mediated Lvsis of Target Cells With 

EndoqenQuslY Perivgd D53-Specific Peptidg 

p53-peptide specific CTL were assayed for their ability to specifically lyse 
target ceils which had been transfected with A2.1/K*' and a gene expressing a mutant 
form of human p53 (Harlow, et al., Mol. Cell. Biol. 5 : 1601 {1985)}. Thus, the p53 

1 0 peptides which are bound to the surface of the target cells by A2.1/K'' are derived 

endogenously from the human mutant p53 gene and not exogenously by incubation 
with p53 peptides as described in Example 161. 

The p53 gene product regulates the growth rate of cells. In tumor ceils, the 
p53 gene generally contains one or more mutations in the encoded amino acid 

1 5 residue sequence and thus expresses a mutant form of human p53. Some mutant 

forms of human p53 affect the growth rate of cells. The EL-4 target cells were 
transfected with a mutant p53 gene rather than a wild-type p53 gene to prevent the 
transformed p53 from altering the growth rate of the transfected cells. In addition, 
tumor cells often express high levels of p53 and therefore have high levels of p53- 

20 derived peptides bound to HLA molecules and expressed on the cell surface. 

The human mutant p53 gene expressed in the transfected target cells is 
processed into antigenic peptide fragments by intracellular processing of the protein 
and bound to A2.1/K*' on the surface of the target cells. The presence of the human 
mutant p53-derived peptides bound to A2.1/K^ on the surface of the target cells may 

25 be detected by incubation of the target cells with p53-specific peptide CTL. If the 

p53-derived peptide on the surface of the target cells is recognized by the p53- 
specific peptide CTL, lysis of the radiolabeled target cells wilt occur and be detected 
by the release of the radiolabel. 

a. Preparation of Taroet Cells 

30 1} Transfection of EA2 Cells with Human Mutant d53 

EA2 target cells (EL-4 cells stably transfected with A2.1/K*'; see Example 
1A2d1) were stably transfected with pC53-Cx4.2N3 according to the procedures 
described in Example 1A2d1. pC53-Cx4.2N3 encodes a human p53 gene containing 
a mutation in the nucleotide sequence encoding the amino acid residue at position 

35 273 of the human p53 gene which alters the naturally-occurring arginine to a 

histidine (Harlow, et al.. Id. I. 
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2) Transfection of Saos-2 Cells with Human Mutant d53 
Saos-2 cells (ATCC HTB-85) are derived from human osteogenic sarcoma 
cells which have deletions of the p53 gene (Dittmer, et al., Nature Gen. 4: 42 
(1993)) and naturally express A2 on their cell surface. Saos-2 cells were used as 
5 target cells in the standard ^'Cr release cytotoxicity assays described herein to 

demonstrate peptide-specific CTL-medlated lysis of Saos-2 cells which display the 
peptide on their cell surface. 

Saos-2 cells were stably transfected with a plasmid which expresses a human 
mutant p53 gene with an Arg - His mutation at amino acid residue 1 75 to produce a 
1 0 cell line identified herein as Saos-2/175 (Dittmer, et al.. Id*)- The plasmid contains a 

mutation in the nucleotide sequence encoding the amino acid residue at position 175 
of human p53 which alters the naturally-occurring arginine (Arg) amino acid residue 
to a histidine (His) amino acid residue. 

The phenotype of the Saos-2 cells and stably transfected Saos-2/175 cells 
1 5 was verified periodically by FACS analysis as described in Example 1 A2b. The 

expression of A2 was verified by reactivity with the A2-specific monoclonal antibody 
PA2.1 (ATCC HB 117). The expression of the human mutant p53 gene was verified 
by reactivity of immunoprecipitates of soluble cellular protein extracts with the 
PAblBOl monoclonal antibody (Oncogene Science, Uniondale, NY) as described in 
20 Dittmer, et al., IsL- 

b. Cvtotoxicitv Assav to D etect Target Cell Lvsis 
The target cells EA2K'' and EA2KM p53 (273) were assayed for the presence 
of endogenous p53 peptide on their surface by a cytotoxicity assay as described in 
Example lA2e. The target cells were radiolabeled as described in Example 1A2e, but 
25 without the addition of exogenous p53 peptide. Target cells (T) were incubated with 

p53 peptide-specific effector cells (E) at E:T ratios of 60:1, 20:1, 6:1, 2:1, 0.6:1, 
and 0.2:1 (60, 20, 6, 2, 0.6, and 0.2). The effector cells assayed were CTL A2/K^ 
25, CTL A2/K*' 65, CTL A2/K'* 149, CTL A2/K'» 264, and CTL CD8xA2/K*' HIV pol 9K. 
Reactions were performed and the percent specific lysis determined as described in 
30 Example 1A2e. 

The results are illustrated In Figures 3A through 3E as percent specific lysis 
(%-SL) by E:T ratio. A review of Figures 3A and 3B indicates that neither CTL A2K** 
25 nor CTL A2K*» 65 lysed target cells which e>^press (EA2KM p53 (273)) or which 
do not express endogenous p53 (EA2K*'). 
35 Next, the target cells EA2K'* and EA2KM p53 (273) were incubated with 

exogen us p53. 149-157 peptide during the labeling reaction (EA2K** + p53.149-157 
and EA2KM p53 (273) p53.1 49-1 57) and in uubated with CTL A2K'' 149, CTL 
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264, and CTL CDS x A2K'» HIV-pol 9K. The results are illustrated In Figures 3C 
through 3E as percent specific lysis {%-SL) plotted against the E:T ratio. 

The results illustrated in Figures 3C and 3D with CTL A2K** 149 and CTL 
A2K** 264, respectively, clearly demonstrate an increase in lysis of target cells 
expressing endogenous p53 (EA2KM p53 (273)) when compared with target cells 
which do not express p53 (EA2K'»). These effects are apparent at all E:T ratios 
examined, i.e., from an E:T ratio of 60:1 to one of 0.2:1. An increase in the lysis of 
target cells expressing endogenous p53 {EA2Kb.1 p53 1273)) when compared to 
target cells which do not express p53 (EA2K'*) is not apparent with CTL A2K** 149 
and CTL A2K*' 264. As illustrated in Figure 3E, CTL CDS x A2K'' HIV-pol 9K did not 
appear to lyse either of the target cells assayed (EA2K*» and EA2KM p53 (273)). 
c. CytPTQXiclTv Assay to Detect Taroat TpII I y^\<^ 
Target cells Saos-2 and Saos-2/175 were assayed for the presence of 
endogenous p53 peptide on their surface by a cytotoxicity assay as described in 
Example 1A2e. The target cells were radiolabeled as described, but without the 
addition of exogenous p53 peptide. Target ceils (T) were incubated with p53 
peptide-specific effector cells (E) at E:T ratios of 60:1, 20:1, 6:1, 2:1, 0.6:1, and 
0,2:1 (60, 20, 6, 2, 0.6, and 0.2). The effector cells assayed were CTL A2/K*» 25, 
CTL A2/K'' 65, CTL A2/K^ 149, CTL A2/K*' 264, and CTL CD8xA2/K'» HIV pol 9K. 
Reactions were performed and the percent specific lysis (%-SL) determined as 
described in Example 1A2e. 

Results of the foregoing assays are illustrated in Figures 4A through 4F. 
Figures 4A and 4B show that a very slight increase in lysis was seen with the CTL 
A2K** 25 effector cells, with a somewhat more moderate increase seen when CTL 
A2K* 65 effector cells were present. 

Next, the target ceils Saos-2 and Saos-2/175 were incubated with exogenous 
p53. 149-1 57 peptide during the labeling reaction (Saos-2 p53. 149-1 57 and Saos- 
2/175 -»-p53. 149-1 57) and with CTL A2/K'' 149. The results are illustrated in Figure 
4C as percent specific lysis plotted against the ratio of effector to target cells (E:T). 
Both populations of target cells were lysed in significant numbers, as shown. 

The results illustrated in Figures 4D and 4E with CTL A2/K** 149 and CTL 
A2/K'* 264 effector cells, respectively, clearly demonstrate an increase in the number 
of target cells lysed which express endogenous p53 (Saos-2/175) wh n compared to 
target cells which do not express p53. This effect is apparent at all E:T rati s 
examin d from E:T of 60:1 to 0.2:1. An incr ase in the number of target cells lysed 
which express endogenous p53 when compared to target cells which d not express 
p53 is not apparent with th remaining CTL examined. In addition, it is noted that 
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target cells with and without expression of endogenous p53 which are incubated 
with exogenous p53. 149-1 57 result in a higher percent specific lysis than target cells 
without exogenous p53. 149-1 75. 

Figure 4F illustrates lysis of target cells with CTL CDS x A2K'' HIV-pol 9K: 
5 again, Saos-2 (open circle) and Saos-2/175 (closed circle) target cells are used. As 

shown in Figure 4F. however, CTL CDS x A2K'' HIV-pol 9K did not appear to induce 
significant lysis of either of the target cell populations assayed. 

The foregoing results indicate that CTL populations capable of specifically 
lysing target cells which have either exogenous or endogenous p53 peptide bound to 
10 A2 on the cell surface can be generated by in vivo immunization with peptides 

derived from p53 which conform to a predetermined A2 binding motif. The specific 
lysis of these target cells by CTL populations can be demonstrated by comparing 
target cells which do or do not have exogenous or endogenous peptides. In additi n, 
the presence or absence of a peptide bound to A2 on the cell surface can be 
1 5 demonstrated by the inhibition binding assays described herein. 

Example 2 

rTI -Mftdiate Tl I vffif; nf Tt*'""-^ Cells 
pynrRssino Her-?/Ns.i-Snecific Peptides 

A. r j! -Mpriiatftd I viis of Taro p t C.pW^ with Bnimd Her-2/Npn-P'^riyftfl PffPtideS 
20 Her-2/Neu peptide-specific CTL were prepared by designing and synthesizing 

peptides derived from Her-2/Neu capable of being bound by HLA A2.1 molecules, 
immunizing A2KbxCD8 transgenic mice in vivo with Her-2/Neu peptides, and 
generating Her-2/Neu peptide-specific CTL cell lines derived from the immunized 
transgenic mice. 

25 1. prfinaration nf HRf-2/Ne ii Pfintide Immunoqens 

Her-2/Neu-speci(ic peptides were designed following the same motif 
described for the p53 peptides (see Example 1 Ala) and are listed with their 
respective amino acid residue positions and SEQ ID NOS in Table 3. Her-2/Neu- 
specific peptides were synthesized and analyzed as described in Example lAlb. 



30 



Table 3 



Amino Acid Amino Acid Residue 

Peptide Residu Sequence 

np^itinaiion PositiOH 

35 HER-3 369-377 KIFGSLAFL 10 

HER-6 444-453 TLQGLGISWL H 

HER-7 773-782 VMAGVGSPYV 12 



^ 
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546-555 VLQGLPREYV 13 
661-669 ILLVWLGV 14_ 



5 2. prpnafation q f A?lf h»CD8 Trnnsnenic MiC8 

A2KbxCD8 transgenic mice were prepared by crossing an A2.1/K'' transgenic 
mouse prepared as described in Example 1 A2a with a transgenic mouse which 
expresses human CDS (hCD8). The hCD8 transgenic mice were produced according 

to standard protocols (Hogan. et ai., MfinimiliiTinq ^hft Mniirin Emt?rYn: A L aboratory 

10 Manual. Cold Spring Harbor Laboratory, Cold Spring Harbor, NY. (1986)). The 

transgene expression vector (pi 01 3) contains the murine p56'" proximal promoter 
and either the full-length hCD8a or hCD8B cDNA sequence and modified by the 
polymerase chain reaction (PCR) amplification to add a BamHI restriction site, to 
facilitate insertion into the vector (Garvin et al., InT , Immunol . 2: 173-180 (1990)). 

1 5 DNA fragments containing the nucleotide sequences encoding either hCDBa 

or hCDSlX between two NotI restriction sites were microinjected either separately or 
together into C57BL/6 x SJL)F2 embryos (Irwin, et al., , | ?m , Mf?d . 17Q : 1091 
(1989)) to generate lines with differential expression. Transgenic mouse lines were 
established by identifying mice that had integrated the transgenes as detected by tail 

20 DNA dot blot analysis (Sambrook, Id.). Transgenic founder mice were then 

backcrossed to C57BL/6 mice which have the 8-2" haplotype. Five transgenic lines 
were selected based upon cell surface expression of hCD8 as determined by FACS 
analysis, as described below. 

1) nptPrtinn of T ft!' ?^"rfarB Fxnression of hCP8 

25 Cell surface expression of hCD8 was determined by FACS analysis as 

described in Example 1A2b for the cell surface expression of A2.1/K'. FITC- 
conjugated, phycoerythrin-conjugated and biotin-conjugated amibodies (Pharmingen, 
San Diego, CA) reactive with human CDS, murine CD8. and murine CD4 were used 
to stain cell suspensions from thymus and spleen derived from the transgenic mice. 

30 The overlapping emitted fluorescence from the three conjugated antibodies was 

compensated for according to the manufacturer's instructions. The stained cells 
were analyzed with a FACScan (Becton Dickinson; Mountain View, CA) instrument 
utilizing Lysis II software on total cell populations or on cells which stained positive 

with antibody against hCD8. 
35 3. /n Vitro Bindlp r^ nf Hflr.?/Npii Ppntidp'^ to AZ.UK' 

The efficiency with which A2.1/K* bound the Her-2/Neu- derived peptides 
was determined in binding inhibition assays with an influenza A-derived peptide and 
influenza A peptide-specific CTL. as described in Example 1A2e for the p53-derived 
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peptides. 

EA2 target cells transfected with A2.1/K** and maintained as described in 
Example 1A2d1 were incubated with the exogenous Her.2/Neu-derived peptides 
listed in Table 3 (as described in Example lA2e. The binding Inhibition assay with 
influenza A-specific CTL, influenza A-specific peptide, and radiolabeled target cells 
with bound Her-2/Neu derived peptides was performed as described in Example 
1A2e. The effector:target (E:T or E/T) cell ratios were 10:1, 3:1, 1:1, 0.3:1, and 
0.1:1. Results of the binding inhibition assay are illustrated in Figure 5 and are 
expressed as the percent specific lysis (alternatively expressed as % "^Cr released) 
plotted against the E/T ratio of influenza A-specific CTL clone 12. 

The results shown in Figure 5 indicate that the influenza A-specific CTL were 
most effective at lysing target cells which had bound the influenza A-derived peptide 
(G-MATRIX, SEQ ID NO 8) to A2.1/K\ The results also demonstrate that all of the 
Her-2/Neu-derived peptides tested inhibited the subsequent binding of the influenza 
A-derived peptide at approximately the same efficiency, with Her-9 binding at the 
highest efficiency. 

These results illustrate that all of the Her-2/Neu peptides tested are capable 
of being bound by A2.1/K» on the surface of the EA2 target cells, as evidenced by 
their ability to inhibit binding of the influenza A-specific peptide to A2.1/K* the 
subsequent lysing of the target ceils by the influenza A-specific CTL. The Her-2/Neu 
peptides tested were thereafter used to Immunize transgenic mice, and Her.2/Neu 
peptide-specific CTL populations were prepared. 
^* Her-2/Neu-Specific Pentidft CTL-MftriiatP d Lvsi.*; nf Targe t <;;^^\\^ 

^- Prgpgrgtion of A2.1/K'^-RR<;Tncred HPr.7/Mft u Pentidft-f^ng^jf j^ (;t| 
CTL populations which are specific for Her-2/Neu-derived peptides were 
prepared and maintained following the methods described in Example 1 A3 for the 
p53.derived peptides. The Her-2/Neu specific CTL populations were assayed for th ir 
ability to lyse target cells with the Her-2/Neu-specific peptide bound to A2.1/K'' on 
the cell surface. 

2- Hgr-2/NgU Pfintide-Snecifir CTLMedi^tr^ri | .vsis nf Tarnpt r^\]^ Y /i^ ^ 
Exooenouslv DfthvpH Her.2/Nfiii P^pjirlffff 

The Immunogenicity of each of the Her-2/Neu derived peptides was 

determined via the standard "^^Cr release cytotoxicity assay, as described in ExampI 

1A2e. The effector cells used in this assay were CTL derived from the A2K''xCD8 

transgenic mice which had been immunized with th?. Her-2/Neu derived peptides Her- 

3 and Her-7 (H-3 pop and H-7 pop, respectively; se- above). The target cells were 

EA2K'' with (EA2Kb + Her-3-pep and EA2Kb + Her-7 :.ep) and without {EA2Kb) 
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exogenously added Her-3 or Her-7 peptide. Results of the assay for Her-3 and Her-7 
are illustrated in Figure 6 and are illustrated and are plotted as the %«'Cr released 
against the ratio of effector to target (E/T) cells. 

Target cells which express A2.1/K'' with exogenous Her-2/Neu peptide were 
efficiently lysed with the corresponding Her-2/Neu- specific CTL and not with the 
noncorresponding Her-2/Neu-specific CTL. Target cells which express A2.1/K" were 
not lysed by either the Her-3 or Her-7 peptide-specific CTL in these assays. 

The Her-2/Neu-specific CTL were then tested for their ability to lyse target 
cells which were transfected with the Her-2/Neu gene and express peptides derived 
from the Her-2/Neu gene bound to A2.1/K>' on the surface of the cells. 

3. H rj-'"^"*' Ppoti f ifl-'^"''Hfir rTL-MPftiatprt I vsis gf TnrnRT Cfills With 

The ability of Her-2/Neu peptide-specific CTL populations to lyse target cells 
which express the Her-2/Neu gene and thus display Her-2/Neu-derived peptides on 
their surface bound to A2.1/K* was assessed in the »'Cr release cytotoxicity assay. 

EA2 target cells, transfected with the A2. 1 /K" gene, were also transfected 
with a plasmid encoding the Her-2/Neu gene (Di Fiore, et al.. ffniffnce 2 37 : 178 
(1987)). Expression of the Her-2/Neu gene in EA2 cells provides a means for the 
endogenous processing and display of peptides derived from the Her-2/Neu gene 
bound to A2.1/K'' on the surface of the EA2 cells. 

The ability of CTL populations specific to the Her-3 and Her-7 peptides to lyse 
target cells expressing Her-2/Neu derived peptides on their surface was determined in 
the standard »'Cr release cytotoxicity assay described in Example 1A2e. The effector 
cells used in this assay were CTL derived from A2K»xCD8 transgenic mice immunized 
with the Her-3 and Her-7 peptides, as described in Example 1A3. The target cells 
were EA2K'' with and without endogenously expressed and processed Her-2/Neu 
protein. The ratio of E:T was 10:1, 3:1, 1:1, 0.3:1, and 0.1:1. In addition, CTL 
which were specific to the HIV peptide, prepared as described in Example 1A3, were 
assayed. Results of the assay are shown in Figure 7 and are described as the %"Cr 
released plotted against the ratio of effector to target [Em cells. 

The results of this experiment clearly demonstrate that the Her-3 and Her-7 
specific CTL {H-3 and H-7 pop) efficiently lysed the target cells cotransfected with 
A2.1/K'' and the Her-2/Neu g ne (EA2K^Her-2). The specificity of the lysis of the 
cells by Her-2/Neu-specific CTL was demonstrated by the inefficient lysis of th 
cotransfected target cells by the HlV-specific CTL (HIV-pop). The ability of the CTL 
population to lyse the target cells is dependent on the display of the peptide bound to 
the A2.1/K'' molecule as demonstrated by comparison between target cells which 
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had been with the Her-2/Neu gene (EA2K'-Her-2) and target cells which had not been 
transfected lEAZK"). 

Example 3 

5 CTL-MediaTBri Lvsis nf T^r^^i f7f,||^ 

Expressinn Her.7/NPi..«^pf,^jfj^ PfnTifln 

^- Her-2/New Pftpridft-Spftcific CTl -MPdi.t^rt ■ nf prp p^t cmnnm. r^\\ ^ 
The Her-2/Neu peptide-specific CTL prepared as described in Example 281 

were then assayed for their ability to lyse breast carcinoma cell lines which express 

A2 and Her-2/Neu. 

I- Preparation of Taroat Pft H^ 

The breast carcinoma cell lines MCF-7 (ATCC HTB 22). MDA 23.1 (ATCC 
HTB 26), and MDS 435 (ATCC HTB 129) were characteri2ed phenotypically to 
determine if A2 was expressed on the cell by FACS analysis using the A2-specific 
monoclonal antibody PA2.1 (ATCC HB 117). MCF-7 and MDA 23.1 express A2 (and 

1 5 are thus designated A2*) while MDS 435 does not express A2 (and is thus 

designated A2 ). In addition, the cell lines were characterized for cell surface 
expression of Her-2 by FACS analysis with c-Nsu (AB-5) monoclonal antibody 
(Oncogene Science, Uniondale. NY). The c-Neu antibody reacts with an epitope of 
Her-2/Neu on the cell surface and does not cross-react with the human EGF-receptor. 

20 All three cell lines express Her-2/Neu and are thus designated Her*. 

2- Cytgto?<icitY Afisav to QpTert i v^ii^ nf T^r^^i c eik hv Hqr -7 ^ Nffu- 
Soecific CTL 



Her-2/Neu-specific CTL (effector cells) prepared and characterized for their 
ability to lyse target cells with Her-2/Neu specific peptide bound to A2.1/K'' (see 
Example 2B2), and the breast carcinoma cell lines (target cells) described in Example 
3A1 were used in a "Cr release cytotoxicity assay to determine whether Her-2/Neu 
specific peptide CTL are able to kill target cells expressing peptides derived 
endogenously from Her-2/Neu protein bound to A2 on their cell surface. Procedures 
and results are described herein below. 

^- Lysis of Brffast Carrlnnma Call I inp^ bv Hgr-a an,j ^^^.-7 
Peotide- Speclflr CTl , 

The ability of the Her-3 and Her.7 peptide-specific CTL populations to lyse 
breast cell carcinoma cell lines which express Her-2/Neu-derived peptides on their 
surface was determin d using the standard «'Cr release cytot xicity assay described 
in Example 1A2e. The effector cells used in this assay were CTL derived from the 
A2K'>xCD8 transgenic mic , which had been immunized with eith r the Her-3 or Her- 
7 peptid as descnoed in Example 2B1. The target cells w re the breast carcinoma 
cell lines (MCF.7. MDA 23.1, and MDA 435) which expr ss Her-2/Neu pepti Jes 
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bound to A2 on their cell surface. The Her-2/Neu peptides were derived from Her- 
2/Neu protein endogenousty expressed by the cell line. The MCF-7 and MDA 23.1 
cell lines express A2, while the MDA 435 cell line does not. The ratios of E:T were 
10:1, 3:1, 1:1, 0.3:1, and 0.1:1. Results of the Her-3 and Her-7 assays are given in 
5 Figure 8 and are described as the percent *^Cr released (Y-axis) by the ratio of 

effector to target cells (X-axis). 

Her-3 and Her-7 peptide-specific CTL populations {H-3 pop and H-7 pop, 
respectively) were shown to be effective at lysing target cells having peptides 
derived from the endogenous Her-2/Neu gene bound to A2 on their surface (see 

1 0 Example 2B2). The breast carcinoma cell lines MCF-7 and MDA 23.1 express A2 on 

the surface of their cells, while the cell line MDA 435 does not. The breast 
carcinoma cell lines express the Her-2/Neu epitope recognized by a monoclonal 
antibody on their cell surface (Example 3A1). The breast carcinoma cell lines MCF-7 
and MDA 23.1 which express A2 and Her-2/Neu were efficiently lysed by H-3 and H- 

15 7 pop. The breast carcinoma cell line MDA 435 which expresses Her-2/Neu but does 

not express A2 was not lysed by H-3 and H-7 pop. 

b. gffect of A2 Concentratio n and A2-SDerific Antibodv on Lvsis 
of Breast Carcinoma Cell Lines bv Her-7 PepTide-Soecific CTL 

The level of cell surface expression of A2 was increased in the MDA 23.1 

20 breast carcinoma cell line by incubation with y-interferon prior to incubation with Her- 

7 specific CTL populations to determine the effect of A2 concentration on the ability 
of the CTL to lyse MDA 23.1 breast carcinoma cells. In addition, the effect of an 
antibody which specifically binds to A2 (PA2.1, ATCC HB 117) on the ability of the 
Her-7 specific CTL to lyse MDA 23.1 breast carcinoma cells was assessed. 

25 The ability of an A2-specific antibody to inhibit Her-7 peptide specific CTL 

populations (effector cells) lysis of MDA 23.1 cells (target cells) which express Her- 
2/Neu-derived peptides bound to A2 on their surface was determined in the standard 
*'Cr release cytotoxicity assay as described in Example 1A3. Target cells were 
labeled with *^Cr as described in Example 1A3 and incubated for 24 hours in RPMI 

30 10% with 100 ng/ml y-interferon (R & D) to increase the concentration of A2 

expressed on the surface of the target cells. Radiolabeled target cells incubated with 
Y-interferon were incubated with Her-7 specific or HIV pol CTL (Her2-7 CTL and 
HIVpol CTL, respectively) in the presence and absence 0.5 ;/g/ml of the A2 specific 
antibody (-hanti-A2 (Her2-7 CTL) and +anti-A2 (HIVpol CTL)). The ratios of E:T 

35 were 30:1, 10:1, 3:1, and 1:1. Results of the increase in A2 concentration on the 

surface of target cells and incubation in the presence of A2 sp cific antibody on cell 
lysis by Her-7 specific CTL are given in Figure 9 and are described as the percent 
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specific lysis by the ratio of effector to target (E:T) cells. 

As illustrated in Figure 9, incubation of target cells and CTL In the presence 
of the anti-A2 antibody ( + anti-A2 (Her2-7 CTL) and absence of the antl-A2 antibody 
(Her2-7 CTL) significantly decreases the ability of the CTL to specifically lyse the 
5 target cells. In addition, the presence ( + anti-A2 (HIVpol CTL) or absence (HIVpol 

CTL) of the anti-A2 antibody does not effect the ability of the HIV pol CTL to lyse 
the target cells. 

A comparison of Figures 8 and 9 illustrates the effect of an increase in A2 
concentration on the Her2-7 CTL-mediated lysis of target cells. The percent specific 
1 0 lysis of target cells is 28% with Her-2/Neu 7 CTL at a lower A2 concentration (Figure 

8, H7-pop (MDA 23.1), open triangle) and 14% at a higher A2 concentration (Figur 

9, H2-7 CTL, open square). Therefore, an increase in the A2 concentration results in 
an approximately 2-fold increase in the lysis of target cells. 

Example 4 

1 5 Tarqgtinq p53 gs a Gengral Tumgr Antigen 

The materials and methods used herein have been described in the foregoing 
Examples. By way of review, however, the transgenic (Tg) lines used in these 
studies (whose derivation has been described above) were as follows. The A2.1/K'* 
Tg mice used herein were homozygous for both H-2b and the A2.1/K'* transgene. All 

20 A2.1 Tg mice were homozygous for H-2b and heterozygous for the transgene. Mice 

were propagated and maintained in the vivarium at The Scripps Research Institute (La 
Jolla, CA). C57BL/6 mice were purchased from the breeding colony of The Scripps 
Research institute. 

Peptides were synthesized using a Gilson AMS 422 peptide synthesizer 

25 (Gilson, Middleton, Wl), and purity was ascertained by reverse-phase HPLC analysis 

on a Vydac CI 8 column (Vydac, Hesperia, CA). Some peptides were also 
synthesized on an Applied Biosystems 430A synthesizer (Foster City, CA), 

Previously-described transfectants utilized in these studies included EL4 A2 
{EA2), EL4 A2/K*' (EA2K^), Jurkat A2 (JA2), Jurkat A2/K (JA2K^) (see Sherman, et 

30 al., Science 258 : 815-181 (1992); Irwin, et al., J. Exo. Med. 170 : 1091-1101 

(1989)), Saos-2 and Saos-2 transfected with the human mutant p53 gene, 
Saos-2/175 (Dittmer, et al.. Nature Genet. 42 : 42-46( 1993)). To obtain Ramos-A2 
and T2-A2/K*', lOmg of plasmid containing genomic clones of A2.1 or A2/K** wer 
cotransfected with pSV2neoDNA (2mg) as previously described (Irwin, et al., \sL 

35 (1989)). T2 cells w r obtained from Dr. Peter Cre:>swe!l; all other human cell lines 

were obtained from the American Type Culture Coll-iction (ATCC) and tested by flow 
cytometry for the presence of HLA A2 (Irwin, et al., l^L (1989)). 
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High levels of p53 protein as a result of functionally homozygous mutations 
of the p53 gene were expressed by breast cancer cell lines MDA 231 and BT 549, 
the colorectal cancer cell line SW 480 and the Burkitt lymphoma cell line Ramos, 
whereas the breast cancer cell line MCF 7 accumulated wt-p53 protein in the 
5 cytoplasm via nuclear exclusion. (See Bartek, et al., QQC2flfins_5: 893-9 (1990); 

Nigro. et al., Nflnifa 342 : 705-8 (1989); Baker, et al., rTOf RbS . 5Q : 7717-7722 
(1990); Rodrigues, et al.. PMAS USA 87 : 7555-9 (1990); Gaidano, et al., PNAS USA 
fig: 5413-7 (1991); Takahashi,et al., Mni rarrhinoo. 8: 58-66 (1993)). Both p53 
alleles were deleted in the osteosarcoma cell line Saos-2 (Dittmer, et al., HalUO. 
10 fiBnet. 4 : 42-46 (1993); Masuda, et al.. PNAS USA 84: 7716-9 (1987); Hinds, et al.. 

r^ll f^rnwth niff ■ 1 : 571-580 (1987)). Dendritic cells, concanavalin A (conA) and 
phytohemagglutinin (PHA)-activated lymphoblasts were prepared from peripheral 
blood mononuclear cells obtained from healthy, HLA A2.1 positive volunteer donors 
as described (Sallusto, et al., ,|, E«n, Med. 179= 1109-1118 (1994); Milner, NfllUIfl 
15 310: 143-5 (1984)). 

A. ppntirie Bind ip^? to HLA-A2.1 

A competition assay was used to assess binding of peptide to HLA-A2.1 . 
EA2 cells were pulsed with ImM of an A2-binding synthetic peptide representing 
residues 58-66 of the A/PR/8/34 influenza virus matrix protein Ml and lOOmM of the 
20 indicated test peptide IBednarek, et al., ,f, ImiTHinol. 147: 4047-4053 (1991); 

Morrison, et al.. ' immMnol. 22: 903-7 (1992)). The A2.1-binding peptide 
representing residues 476-484 of the reverse transcriptase of the human 
immunodeficiency virus type-1 (HIV-1) served as a positive control (Tsomides, et al., 
p^AS USA 88 : 11276-80 (1991)). Both a H-2K''-binding synthetic peptide 
25 representing residues 52-59 of the vesicular stomatitis virus nucleoprotein (VSV-N 

52-59) and a H-2Db-binding synthetic peptide representing residues 366-374 of the 
influenza A virus (1934) nucleoprotein (Flu NP 1934 366-374) served as negative 
controls (VanBleek and Nathenson, Nature 348: 213-6 (1990); Rotzschke, et al., 
Nature 348 : 252-4 (1990); Falk, et al., J fm. Med. 174: 425-434 (1991)). The 
30 A2.1 -restricted. Ml -specific CTL clone 12 (A clone 12) was assayed at various 

effector-to-target (E:T) ratios for lytic activity against peptide- and nonpeptide-pulsed 
EA2 targets in a 4-hour »'Cr release assay (Irwin, et al., Jd. (1989)). Percent inhibition 
of A clone 12 mediated lysis of Ml -pulsed EA2 targets by the indicated peptides was 
calculated at an E:T rati of 0.3:1. 
35 B. Pf.ntM>. Primi p n nf HI A Tran^n>.nir Mica and Propagation of CTL Lines 

Mic w re injected subcutaneously at th base of the tail with lOOmg of the 
indicated test peptide and 120mg of the l-Ab-binding synthetic T h Iper peptid 
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representing residues 128-140 of the hepatitis B virus core protein (Sette, et al., J, 
Immunol . 1534 : 5586-5592 ( 1994)) emulsified in lOOmt incomplete Freunds 
adjuvant (IFA). After 10 days, spleen cells of primed mice were cultured with 
irradiated A2.1/K*' or A2.1-Tg lipopolysaccharide (LPS) activated spleen cell 
stimulators that had been pulsed with the indicated priming peptide at 5mg/ml and 
human p2-microglobulin at lOmg/ml (Sherman, et al.. Science ?fiR r 815-818 (1992); 
Vitiello, et al., J, Sxp, MfiTl. 173: 1007-1015 (1991)). After 6 days, the resultant 
effector cells were assayed in a 4-hour «'Cr release assay at various E:T ratios for 
lytic activity against T2 or T2A2K*' that had been pulsed with either the indicated 
priming peptide, an unrelated A2.1 -binding peptide, or no peptide. Polyclonal CTL 
lines specific for hu-p53. 149-1 57 (CTL A2/K»» 149 and A2 149) and hu-p53.264-272 
(CTL A2/K'* 264 and A2 264) were established by weekly restimulation of effector 
CTL with irradiated JA2K'» or JA2 cells that had been pulsed with 5mg of the 
indicated p53 peptide, irradiated C57BL/6 spleen filler cells and 2% (vol/vol) T cell 
growth factor. 

C. Results and Discussion 

Synthetic peptides representing sequences within the hu-p53 protein were 
selected according to the known consensus motifs for peptides bound by A2.1. 
(See, e.g., Falk, et al., Ngture 351: 290-6 (1991); Hunt, et aL. Science 255 : 1261-3 
(1992); Parker, et al., J, Immunol. 14^: 3580-7 (1992); Ruppert, et al.. Cell 74 : 929- 
937 (1993); Kast, et al., J. Immunol. 15?- 3904-3912 (1994); Kubo, et al.,J, 
ImTOPPl. 152 : 3913-3924 (1994); Zeh, et al.. Human Imm.mnI , 79-86 (1994); 
Stuber, et al„ Eur, J. Imm^mffl. ?4: 765-8 (1994).) Selected wt-p53 peptides were 8 
to 1 1 amino acids in length and had at their N-terminal position either L, M, I, V, A or 
T (as given in single-letter code) and at their C-terminus either V, L, I, A, M, T, S or 
Q. 

A2.1 -binding was determined by a competition assay that assessed the ability 
of each peptide to inhibit binding of a synthetic peptide representing residues 58-66 
of the A/PR/8/34 (PRS) influenza virus matrix protein Ml (58-66) (Bednarek, et al., J, 
Irpmunpl. 147 : 4047-4053 (1991); Morrison, et al.. Eur. J. Immunol. 903-7 
(1992)) to A2.1 on target cells (Table 4). Inhibition of Ml peptide-binding was 
monitored as a decrease in target cell lysis using a Ml -specific, A2,1 -restricted CTL 
clone, clone 1 2. 

Al! 19 peptides with intermediate-to-high A2.1-binding activity (>23% 
inhibition of A2.1 -binding of Ml) and 3 peptides with I w (10% to 22% inhibition) or 
no A2.1 -binding activity (<10% inhibition) were tested for their immunogenicity in 
A2.1/K'*-Tg mice. M^ce wer primed with peptide and 10 days later, spleen cells 
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,rom these mice were restimu.ated with peptide /. vitro and tested for an 
JuK^-restricted. peptide-specHic CTL response. As reported. A2.1/K^-To m.ce 
could mount an A2.1,K^-restricted CTL response specific for Known A2.1-b.nd.ng 
CTL epitopes, such as H.V-1 RT (476-484, (Table 4). (See also Sherman e eL 

315-8 (19S2,; Vitie.lo. et a... ^W^: ^007-1015 (1991. 
tXfet a... ..1..^^= 1226-1232 .19911: Sette. et a... ^Immun^- 

5586-5592 {199^)-) , • ^ 

Table 4 Illustrates the A2.1-binding affinity and immunogenicity of venous 
.t-p53 peptides. Selected wt-p53 peptides were synthesized and their relative 
A2 1-binding affinity was determined by measuring their ability to inh.b.t the 
A2"l-binding of the Ml (58-66) peptide. The immunogenicity of wt-p5 3 pept.de s 
,nd the HIV-1 RT 476-484 control peptide was determined by peptlde-pr.m.ng o 

lling. Lytic activity of CTL at an E:T ratio of 60:1 was calculated as prev.ously 

. , . M 11989)1 Lysis of T2A2/K» pulsed with an unrelated 
described (Irwin, et al., liL (1989)). Lysis oi t9A2/K" and 

A2 1-blnding peptide was similar to that obtained for nonpept.de-pulsed T2A2/K and 
o excee 15%. The data represent the highest amount of lytic activity obtained 
e" Of at least three individual mice. Residues that are homologous 

:leen hu- and mur-wt-p53 are displayed in bold type. Amino acid residues are 
20 given in single-letter code. ND denotes not determined. 

Table 4 

Lytic Activity 
by Peptide- 
Specific CTL 
After Priming 
of A2.V<'- 
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69-79 


AAPPVAPAPAA 


18 


4 


0 


73-81 


VAPAPAAPT 


19 


12 


0 


78-86 


AAPTPAAPA 


20 


51 


0 


110-119 


RLGILHSGTA 


21 


10 


ND 


117-125 


GTAKSVTCT 


22 


12 


ND 


121-129 


SVTCTYSPA 


23 


8 


ND 


122-130 


VTCTYSPAL 


24 


12 


ND 


129-137 


ALNKMFCQL 


25 


71 


0 


136-144 


QLAKTCPVQ 


26 


15 


ND 


146-155 


WVDSTPPPGT 


27 


10 


ND 


149-157 


STPPPGTRV 


3 


29 


91 


161-169 


AIYKQSQHM 


28 


12 


ND 


187-195 


GLAPPQHLI 


29 (res. 1-9) 


62 


1 


187-197 


GLAPPQHLIRV 


29 


14 


ND 


210-218 


NTFRHSVVV 


30 


43 


6 


229-237 


CTTIHYNYM 


31 


14 


ND 


255-264 


ITLEDSSGNL 


32 (res. 1-10) 


24 


3 


255-265 


ITLEDSSGNLL 


32 


22 


ND 


263-272 


NLLGRNSFEV 


33 


50 


3 


264-272 


LLGRNSFEV 


4 


60 


94 


322-330 


PLDGEYFTL 


34 


24 


0 


339-247 


EMFRELNEA 


35 


12 


ND 


mur-wt-p53: 
261-269 


LLGRDSFEV 


36 


75 


10 


HIV-1 RT: 

476-484 


ILKEPVHGV 


5 


72 


85 


VSV-N: 
52-59 


RGYVYQGL 


6 


4 


ND 


Flu NP 1 934: 
366-374 


ASNENMETM 


7 


4 


ND 



* (Specific ^'Cf release (%))) 
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A2.1/K'-restricted CTL responses specific for hu-p53.25-35, 65-73. 149-157 
and 264-272 were also detectable. The peptide specificity of these responses was 
avidenced by the ability of CTL to lyse cells pulsed with the immunizing peptide, but 
not other A2.1-bindin9 peptides (see. e.g., Figs. 10A and lOCI. 
5 Figures 1 0A-H illustrate A2. 1 -restricted recognition of endogenously 

synthesized p53 epitopes by p53-specific CTL from A2.1/K^-Tfl and A2.1-Tg mice. 
Effector CTL were generated by peptide-priming of Tg mice. In Figs. 10A and B, the 
CTL cell lines were A2KM 49-primed; in Figs. IOC and D. the CTLs were primed w.th 
A2K»264 in Figs. 10E and F. the CTL cell lines were A2 149-primed; lOG and H. 
1 0 the CTLS were primed with A2 264. In Figs. 10A-H. effector:target (E:T) ratios were 

plotted against specific *'Cr release 1%). . 

CTL were assayed for cytotoxicity in a 5-hour »'Cr release assay against the 
indicated targets: Figs. 10A and C: T2A2/K^ .open circles, o, or T2A2/K^ pulsed with 
p53 149-157 (Closed circles, •) or p53.264-272 (closed squares. F.gs. 10E and 
15 G- T2 (o) or T2 pulsed with p53.149-157 (•) or p53.264-272 (-). Figs. 10B, D. F. 

H- Saos-2 (open triangles. A) or the same cells transfected with the human p53 
gene Saos-2/1 75 (closed triangles. A). (See. e.g.. Dittmer. et al.. NnTllffl TiffPet . 4 : 
42-6 (1993): Masuda. et al.. PNAS USA 84: 7716-9 (1987); Hinds, et al.. CfiU 
r^,»wth Diff. 1 : 571-580 (1990).) Both lines expressed similar levels of A2.1 as 
20 detected by flow cytometry. (See. e.g.. Irwin, et al., I FXP Mftri . 17Q : 1091-1 101 

(1989).) 

These findings were consistent with the hypothesis that the majority of 
functional TCR epitopes is produced by peptides with high affinity (as with 
hu-p53.25-35. 65-73 and 264-272) and intermediate affinity (as with 
25 hu-p53.149-157) for the presenting MHC class I molecule (Sette, et al.. \sL (1994)). 

However, the data also suggested that gaps in the functional T cell repertoire may 
exist as not all of the nonhomologous hu-p53 peptides with high A2.1-b.ndmg 
activity were capable of inducing a CTL response. No significant response by 
A2 l/K-'-Tg mice was detectable against mur-p53.261-269 that shared homology 
30 with hu-p53.264.272 at all but one amino acid residue, yet this murine peptide had 

the highest A2.1. binding activity of all p53 peptides tested (Table 4). 

A lack of CTL responsiveness by A2.1/K-'-Tg mice was also observed w.th 
hu-p53 peptides that wer homologous t mur-p53 s quences and had either h.gh 
,hu.p53.187-195) or intermediate (hu-p53.255-264 and 322-330) binding activity for 
35 A2.1 . These r suits suggested that tolerance to self-p53 epitop s may indeed l.m.t 

the repertoire of responsive T cells. 

several peptides identified in this study had been previously shown to b.nd 
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A2.1 and also elicit a peptide-specific response by human peripheral blood 
lymphocytes. (See Zeh. et al.. Human Imm.mn. ^9. 79.86 (I994); Stuber. et al., 
E uf . J . Imm»nff! , ?4 : 765-8; Houblers. et al.. Eur. J. Imm..nni 2072-7 (1993); 
Nijman, et al., J . ImmwnOThftr 14 = 121-6 (1993); Nijman. et al., Immunol ■ .u.r. ^n - 
5 171-8 (1994).) However, the ability of such CTL to recognize cells endogenously 

expressing p53 had not been reported, thereby leaving unresolved the issue of 
whether these or other p53 peptides are presented in association with MHC on the 
cell surface. 

In order to determine if the peptides corresponding to these sequences were 
1 0 actually endogenously processed and presented in association with A2. 1 molecules 

on the surface of human tumor cells expressing hu-p53, peptide-specific polyclonal 
CTL lines from A2.1/K''-Tg mice were established and tested for recognition of the 
A2.1 expressing, p53-deficient cell line, Saos-2, and this same line transfected with a 
hu-p53 gene, Saos-2/175 (Dittmer, et al.. Nature Gen^t A- 42-6 (1993); Masuda, et 
15 al., PNAS USA M : 7716-9 (1987); Hinds, et al.. Cell Growth niff 1 - 571-580 

(1990)). Comparison of the levels of lysis of the transfectant relative to the 
p53-deficient parental line indicated that CTL specific for hu-p53.25-35 and 65-73 
did not lyse Saos-2/175, suggesting these peptides were not processed and 
presented in sufficient amount for recognition by these CTL lines (data not shown). 
20 In contrast, CTL specific for hu-p53. 149-1 57 and 264-272 were presented by cells 

that endogenously expressed high levels of hu-p53 (Fig. 10 B. D). 

However, attempts to obtain recognition by these CTL lines of 
A2.1 -expressing tumors that naturally expressed high levels of hu-p53 were 
unsuccessful, even after pretreatmem of target cells with both interferon-gamma 
25 (IFN-Y) and tumor necrosis factor-a (TNF-a) (data not shown), a method that is 

known to augment specific cell lysis by increasing both the numbers of MHC-peptide 
complexes and adhesion molecules expressed on the cell surface (Fisk, et al., 
lYmphQ. 8, CYToKjnp Rf<! n : 125-131 (1994); Fady, et al.. Cancer lmm..n»l 
Immtmother . 37 : 329-336 (1993)). This suggested tumor cell lines may not present 
30 p53 peptides, or more likely, that they expressed insufficient levels of the p53 

peptides to be recognized by these particular CTL lines. 

It should be noted that due to the inability of murine CDS to interact with the 
alpha-3 domain of the human A2.1 molecule, CTL from A2.1/K'' Tg mice are at a 
disadvantage in r cognition f cells expressing A2.1 as compared with A2.1/K'' 
35 (Sherman, et al.. ]sL (1992); Vitiello, et al., UL (1991); Engelhard, t al.. IjL (1991); 

Irwin, et al., IsL (1989)). How ver, A2.1 restricted CTL from A2.1-Tg mice appear to 
be CDS independent in their recognition of target cells, presumably du to thair 
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selection and stimulation in the absence of the participation of murine CDS 
(Sherman.et al.. IjL {1992)). Previous experiments indicated CDS independent CTL 
require less peptide antigen for target ceil recognition (Alexander, et al.. .1 , Fw . Med > 
^73: 849-858 (1991)). Therefore, if p53-specific CTL derived from Aa.l/K" Tg mice 
5 v^ere unable to lyse human tumor cells due to presentation of limiting numbers of the 

relevant peptide-MHC complexes, it was possible that A2.1 -transgenics could provide 
peptide-specific CTL capable of detecting the low amounts of p53 peptides 

expressed by tumor cells. 

To test this hypothesis, polyclonal CTL lines specific for hu-p53.149-157 

1 0 (CTL A2 149) and 264-272 (CTL A2 264) were established from peptide-primed 

A2.1-Tg mice (Fig. 10 E. G). Both CTL lines recognized endogenously synthesized 
p53-epitopes as illustrated by their lysis of Saos-2/175 transfectants (Fig. 10 F, H). 
Significantly, the magnitude of lysis of Saos.2/175 targets by CTL A2 149 and 264 
was higher than that obtained by CTL from A2.1/K»-Tg mice (Fig. 10B vs. lOF; Fig. 

15 10DVS. 10H). Also, the concentrations of hu-p53.149-157 and 264-272 peptides 

required to obtain equivalent lysis of T2 targets by A2 vs. A2.1/K» derived CTL were 
3- and 10-fold less, respectively (see Figs. 1 1 A and B). Thus. CTL of greater 
sensitivity for A2.1-p53-peptide complexes could be selected in A2.1-Tg as opposed 
to A2.1/K"'-Tg mice. 

20 Figures 1 1 A and B illustrate the efficiency of peptide recognition by 

p53-specific CTL lines. CTL lines specific for hu-wt-p53. 149-1 57 (Fig. 1 lA) and 
264-272 (Fig. 1 1B) were established from A2.1-Tg (CTL A2 149 and CTL A2 264) 
and A2.1/K''-Tg mice (CTL A2/K'' 149 and CTL A2/K'- 264) and assayed at an E:T 
ratio of 10:1 for lytic activity against nonpeptide and p53.149-157-pulsed T2 (Fig. 
25 l1A)ornonpeptide and p53.264-272-pulsedT2 targets (Fig. 118). Peptides were 

used at the indicated concentrations to pulse T2 targets after "Cr labeling. Effector 
cells were CTL A2 149 (closed circles. •), CTL A2/K^ 149 (open circles, o), CTL A2 
264 (closed squares. -) and CTL A2/K'' 264 (open squares. D). The data represent 
the results of a 4.hour »'Cr release assay, whereby specific "Cr release (%) is plotted 
30 against peptide concentration (M). 

Having established CTL lines with apparently higher affinity for 
A2.1-p53-peptide complexes, the A2 149 and A2 264 CTL lines were tested for 
r cognition of human tumor cell lines known to express high levels of p53 protein 
(MDA 231, BT 549. SW 480. Ramos A2.1. MCF7) (TabI 5) (26-31 Bartek, t al.. 
35 ]SL (1990): Nigro. et al., ]sL (1989); Baker, et al.. Id. (1990); Rodrigues. et al., IsL 

(1990): Gaidano, et al., UL (1991): Takahashi, et al.,Jd. (1993)). These tumor cell 
lines were lysed by both p53-specific and alloreactiv . A2.1 -specific control CTL. 
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Recognition was A2.1 -restricted as lysis was inhibited by ar, A2.1 -specific antibody 
(Table 5). 

Table 5 shows the results obtained when human tumor cell lines that 
overexpressed p53-protein were lysed by A2.1 -restricted, anti-p53.149-1 57 ICTL A2 
149) and anti-p53.264.272 (CTL A2 264) CTL lines. Alio A2.1/K'' CTL were 
alloreactive, A2.1 -specific effector CTL and derived from Tg mice expressing 
functional human CD8a+ P molecules (huCDB-Tg mice) (Sherman, et al., JjL (1992)) 
by a 6-day primary in vitro culture of huCD8-Tg spleen cells with irradiated 
A2.1/K''-Tg spleen cell stimulators. RT 427 was an A2.1-restricted polyclonal CTL 
line established from peptide-primed (huCDS x A2.1/K'') double-Tg mice and specific 
for a synthetic peptide representing residues 427-435 of HIV-1 RT. CTL were 
assayed for cytotoxicity in a 6-hour »'Cr release assay against the indicated human 
tumor cell lines, human dendritic cells, and Con A or PHA-activated lymphoblasts. 
Data are presented for noncytokine-treated Ramos and Ramos A2.1 targets, MDA 
231 targets that had been treated with IFN-y (20 ng/ml for 24 hours) and the 
remaining targets that had been treated with both IFN-y (20 ng/ml for 24 hours) and 
TNF-a (3 ng/ml for 24 hours). Anti-A2.1 inhibition was performed by exposure of 
*'Cr labeled target cells to the anti-A2.1 monoclonal antibody PA2.1 (Parham and 
Bodmer, Nsture 276 )= 397-8 (1978)) at saturating, nontoxic concentrations. ND 
20 denotes not determined. 
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No response was evident when an A2.1 -restricted CTL line specific for an 
unrelated synthetic peptide, RT 427, was used as the effector cell source. Breast 
and colorectal cancer cell lines had to be pretreated with either IFN-y (MDA 231) or 
both IFN-Y and TNF-a (MCF 7, BT 549, SW 480) in order to achieve optimal 
ant,gen-specific lysis by anti-p53 CTL. Lysis of noncytoklne-treated breast and 
colorectal cancer cell lines by pSS-specific CTL was low ,40,, to 14% specific lysis at 
an E:T ratio of 10:1). Considering that MDA 231, MCF 7 and SW480 are not 
deficient in their ability to present endogenously synthesized peptides for recognition 
by class I MHC-restricted CTL (Restifio, et al., J. M.(1 Ml, 265-272 f1993)) 
the observed requirement for cytokines to achieve optimal lysis suggested that p53 
peptides bound by A2.1 were presented in relatively low numbers by these tumor 
cells as compared with Saos-2/175 and that increased expression of A2.1-peptide 
complexes and adhesion molecules via cytokine treatment was required to facilitate 
TCR-med,ated recognition and target cell lysis. In contrast, Burkitt lymphoma cells 
.hat had been transfected with A2.1 (Ramos A2.1) and had high-level expression of 
both the transfected gene product and p53 protein (see Gaidano, et al.. Id. 1991)) 
were efficiently lysed by p53-specific CTL in the absence of cytokine stimulation. 
Again, their response was A2.1 -restricted, as nontransfected Ramos targets were not 
lysed by p53 specific CTL. 

No significant lysis by p53-specific CTL was evident against p53-deficient 
Saos-2 cells, or a variety of non-transformed targets, such as dendritic cells (Sallusto 
and Lanzavecchia, J, Exp. Mffl I?') : 1 109-1 118 (1994)), and activated 
lymphoblasts that had been shown to express low amounts of p53-protein following 
3-to-4-day stimulation with Con A or PHA (Table 5). (See also Milner, Nature .-^ in- 
143-5 (1984).) These findings suggest that dividing and activated normal cells, even 
after exposure to cytokines, presented A2.1 -bound p53 peptides in copy numbers 
too low to allow recognition by these CTL. 

-In summary, these results demonstrate presentation of peptides derived from 
P53 by a variety of human tumors at levels sufficient for recognition by CTL from 
A2-Tg mice. The observation that normal cells were not lysed does not necessarily 
.nd.cate lack of presentation of p53 peptides, but rather insufficient levels of 
presentation for lysis by the CTL obtained in these studies. This may provide a 
window of opportunity for p53-directed immunotherapy. 

Whether CTL of sufficient TCR affinity to lyse p53-overexpr ssing tumors 
could be Obtained by direct priming of tumor-bearing hosts is presently .nknown 
Although the lev Is of p53 epitopes expressed by normal cells may not .e sufficient 
.0 detect lysis, it is known that the amount of antigen required for toler nee is less 
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than that required tor effector cell recognition (Pircher. et al.. MflluU^: 482-5 
(1991); Karialainen. Crr OP Immunol. 6: 9-12 (1994)). Such self-tolerance could 
result in deletion of T cells with receptors of sufficiently high affinity to detect p53 
- peptides on transformed cells, in which case it may be necessary to use Tg mice as a 
source of high affinity, hu-p53-specific ICRs for immunotherapy. Finally, although 
this example restricts its discussion to p53. the strategy described herein could be of 
value for the analysis of a variety of gene products that are specifically upregu.ated 
in malignant tumors and may represent potential targets for CTL-based 
Immunotherapy and vaccine design. 

Example 5 

The most common source of tumor specific CTL has been tumor-infiltrating 
lymphocytes. There are, however a number of disadvantages to relying upon the 
immune system of the tumor-bearing host to provide such CTL. First, the isolation 
and the anti-tumor activity of these cells is dependent on their natural occurrence 
and their in vitro expansion. Second, these CTL represent a repertoire of spec.f.cmes 
,hat have survived self-tolerance. Considering that the highest affinity cells spec.f.c 
,or self antigens may have already been either eliminated or energized, such cells 
n,ay represent residual low affinity cells that may not be optimal for the task of 
tumor elimination ,n viyo. Third, it has been shown that after some period of time .n 
the presence of the tumor cells. T cells can lose their functional activity by^^ 
down-regulating the expression of the C chain of the CD3 complex or the p Ick 
n^olecules (Mizoguchi, et al.. Ssifinc^: 1795-1798 (1992)). In light of these 
considerations, it would be of value to identify an alternative source for obtam.ng 

25 CTL directed to TAA. 

Ideally, one would like to obtain tumor-specific CTL by accessing a broad 
repertoire of CTL precursors. Based on strategies that have been successful .n 
developing antibodies recognizing TAA (see, e.g.. BlottiAre, et al., fiancfiLflSS^: 
1537-1543 (1991)), such a repertoire could be established by generating xenogene.c 
30 CTL xenogeneic CTL specific to human TAA can function as a tool to identify class 

. associated peptides that may be targets of tumor specific vacc.nes. 

Herein, among other disclosures, we describe tumor-specific xenogene.c CTL 
Obtaining using transgenic mic xpressing the human HLA-A2 and CD8 molecule. 
When immunized with appropriate A2-binding peptides, such mice can prov.de 
35 A2-restricted CTL. A2-binding peptides from th Her-2/neu proto-onc gen were 

used for immunization. Two A2-r stricted T cell epitopes that are processed and 
presented in the context of HLA.A2 on a variety of tumor cell lines fr m different 
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origins are described. 

High level expression of the Her-2/neu proto-oncogene is associated with 
malignant transformation and aggressive disease, and therefore this protein 
represents an excellent target for T cell immunotherapy, as disclosed hereinabove. 
By way of providing additional support, the identification of further potential HLA 
A2.1 -binding peptides from the Her-2/neu sequence is described herein. 

Several Her-2/neu peptides were selected as candidate T cell epitopes. The 
immunogenicity of each peptide was evaluated by priming double transgenic mice 
expressing both the human CDS and HLA A2.1 molecules with synthetic peptides 
corresponding to these sequences. Only two of six peptides were found to be 
Immunogenic in that they could elicit peptide-specific CTL. Both CTL populations 
were able to specifically lyse A2.1 -expressing human tumor cells originating from a 
variety of tissues. Direct evidence that tumors displayed these peptides was 
Obtained by extraction of peptides from cell surface MHC molecules. These peptides 
and CTL may be used in developing new strategies for the treatment of human 
cancer, as disclosed herein. 
A. Materials a nd Mftthnri.; 
1 . Mice 

The following transgenic lines were constructed and maintained at 
The Scripps Research Institute (La Jolla, CA): A2.1/K^ A2.1, CD8a + p.57. (Also 
see Vitiello, et al., J , E^P, M^d 171 = 1007-1015 (1991); Sherman, et al., Sclenc. 
2M: 815-818 (1992).) CD8a + p.57 was crossed with the A2.1/K^ transgenic to 
generate A2.1/K^xCD8 mice. The C57BL/6 mice were purchased from the breeding 
colony of The Scripps Research Institute. 
25 2. Cell LInfis 

Transfectants produced in our laboratory and used in these studies included 
EL4-A2.1/K^ Jurkat A2/K' and Jurkat A2. and T2-A2/K^ (Vitiello. et al., UL (1991)). 
The breast carcinomas MCF-7, MDA-MB-231, BT549. the colon carcinoma SW480, 
the osteosarcoma U2-0S, the melanomas Malme-SM, SK-MEL-5. the glioblastoma 
T98G, ovarian carcinomas OVCAR-5, cervix carcinoma Caski were all purchased from 
the American Type Culture Collection (ATCC). Hepatoma Hep-G2 was obtained from 
Dr. Frank Chisari (The Scripps Research Institute). Saos-175 was obtained from Dr. 
Arnold Levin (Princet n University). The lung carcinoma NCI-H1355 was provided 
by Dr. A.F. Gazdar (The University of Texas, Southwestern Medical Center). Tumor 
cell lines were examined for cell surface expression of A2 and Her-2/neu by FACS 
analysis with anti-A2 mAb (BB7.2) and anti-c-NEU mAb (AB-B, Oncogene Science, 
Uniondale, NY). 
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3. ppnTi^" Synthesis 

Hef-2/neu-derived peptides were selected according to the known consensus 
motifs for peptides bound by A2.1 from the naturally-occurring sequences of the 
human Her-2/neu. (See, e.g.. Ruppert. et al., CfllLl^: 929-937 (1993): Yamamoto, 
at a!.. Mar..rR 319 : 230-234 (1986).) The peptides listed in Table 6 were 
synthesized on a peptide synthesizer (430A: Applied Biosystems. Foster, CA» as 
previously described (Sette, et al.. I ImmunnI 142: 0035 (1989)). The composition 
and purity of the peptides was ascertained by mass spectroscopy and HPLC analysis. 
The peptides were routinely determined to be greater than 90% pure. 

Table 6 

l^ ^r-y^P ffl l PantiriPSj ^l^xH fnr Immunization 

Immunogenicity 

R^nimnea « ID NO SfiflUfiQfifi ■ Tfl MiCg ■ 
369-377 10 KIFGSLAFL + 
444-453 11 TLQGLGISSWL 
773-782 12 VMAGVGSPYV + 
546-555 13 VLQGLPREYV 
661-669 14 . ILLVVVLGV 
654-662 37 IISAVVGIL 
20 HIV-9K POL 38 KLVGKLNWA ! 

4. (f^ Y\*f" "f Petatiries to AZ.I/K*! 

The efficiency with which each Her-2/neu-specific peptide bound A2.1/K^ 
25 was determined in a competitive binding assay (see Example 4 above). Each test 

peptide (lOmg) was incubated with radiolabeled target cells (T2-A2.1/K^ 106 target 
cells labeled with 150mCi »'Cr at 37'C for 1.5 hours) in the presence of a peptide 
derived from influenza A virus matrix protein (O.lmg) which has high binding 
efficiency to A2.1/KS M(58-66). (See, e.g., Morrison, et a!., E„r ,) ImmMnol. 22: 
30 903-907 (1992).) Target cells were next incubated with a matrix peptide-specific 

CTL clone to assay for recognition of the pulsed-target cells. The binding of the test 
peptide to the target cells could be detected by the competitive inhibition of the 
binding of the M(58-66) peptide as evidenced by a decrease in the ability of the 
influenza A-specific CTL to lyse the target cells. 
35 5. rjpnftfatinn of CTI Pf7nulatipn5 

A2.1/K''xCD8 and/or A2.1 transgenic mice were immunized with each of the 
peptides listed in Table 6 to determine if they could stimulate A2.1 -restricted CTL. 
Mic wer Immunized with a mixture , lOOmg of the Her-2/neu peptide with 1 20mg 
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-helper- peptide in lOOmi Incomplete Freund's Adjuvant (IFA). (The helper peptide is 
an l-Ab restricted peptide derived from Hepatitis B virus core protein comprising 
amino acid residues 128 to 140 that induces a strong CD4 helper response (Sette. et 
al., J. Immunol 1?^;^- 5586-5592 (1994).) 

A2.1/K'xCD8 or A2.1 lipopolysaccharide (LPS) -blasts were prepared as 
stimulators for in vitro restimulation of spleen cells from immunized mice. These 
were prepared by incubating splenocytes from A2/K» or A2.1 mice- in complete RPMI 
containing 25 mg/ml LPS and 7 mg/ml dextran sulfate at 1.5x106 cells/ml in a total 
volume of 30 ml for 3 days. Murine spleen cells, collected 10 days after 
immunization, were restimulated in vitro with the irradiated (3000 rads) A2.1/K'' or 
A2.1 LPS-blasts which had bound Her-2/neu specific peptides. Six days following ir, 
vitro restimulation, the CTL populations were assayed for lytic activity against 
T2-A2/K'' target cells preincubated with the peptide used for stimulation (15mM). 
The resultant Her-2/neu peptide-specific CTL populations were maintained ir, vitro by 
weekly restimulation. CTL populations were restimulated in 2ml cultures by 
incubating with 0.1-0.2 x106 Irradiated Jurkat.A2.1 cells (20.000 rads) preincubated 
with Her-2/neu peptide (ISmM) and 5x105 irradiated C57BL/6 spleen cells (3000 
rads) as fillers in media containing 2% (v/v) supernatant from concanavalin A- 
stimulated rat spleen cells (TCGF). (See Example 4.) 
20 6. Cvtotoxirltv A^^^Y 

One hundred and six (106) target cells were incubated at 37-C with 150 mCi 
of sodium «'Cr chromate for 90 minutes in the presence or absence of specific 
peptide. Cells were washed three times and resuspended in 5% RPMI. For the 
assay, 104 -Cr-labeled target cells were incubated with different concentrations of 
effector cells in a final volume of 200ml in U-bottomed 96.well plates. Supernatants 
were removed after 4-7 hrs at 37-C, and the percent specific lysis, was determined 
by the following formula: 

% specific lysis = 100 x (experimental rHo..^ - .nnnt..o».,^ rrlrmrl 
30 (maximum release - spontaneous release). 

7- Anti-A2 Blncttino of rY totoxIclty 

An anti-A2 mAb (PA2.1) was used to determine if CTL lysis was A2 
restricted. (See Parham and Bodmer, NaMfi_22fi: 397-398 (1978).) Prior to the 
addition of the effector cells, tumor cells were incubated in the presenc or abs nee 
35 f 0.5 mg/ml of the PA2.1 mAb. 

8. Peptide Fxtrarri^rt 

MHC-bound peptides wer extracted from the surface of turn r cells as 
described by Storkus et. aL U, lmm^,pffl, y^i; 3719-3724. (1993)). In brief. 
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cont.ent MDA-MB-231 and MCP-7 tu.o, ce..s were cultured in T175 f.asKs These 
adherent tumor ce..s were washed twice with HBSS and incubated w. 5 f ac^ 
buffer (0.131 M citric acid. 0.066M NA,HPO. pH 3.0)/f.as. for one H) m.nute. 
: lid supernatant was then concentrated on a SepPa. C18 cartrid.es .Water. 
5 and eluted with 4 m. of 60% acetonitriie. The peptide preparation was .yoph.hzed. 

.esuspended in H,0. and filtered through a Centricon 10 (Amicon) f.lter. 

concentrated peptides were loaded onto a reverse-phase C18 ana.vt.ca. 
column equilibrated with 0.1 % trif.uoroacetic acid, and the peptides were eluted w.th 
a linear 0-70% (v/v) acetonitriie gradient. One minute fractions were collected. 
10 ivophilized and resuspended in 100 ml of PBS and tested for the presence of 

antigenic peptide as described above. 

B. RBSults 

1 t:;f.| f,T;finn nf I mmiimftniTT P«^"tides 

Peptide sequences from the human Her-2/neu protein containing the anchor 
1 5 motif for HLA-A2.1 IL.l.M.V.A.T position 2 and L...M.V.A.T position 8/9/10, were 

Identified, and several of these were selected for synthesis. The A2 b.nd.ng 
Miciencv of synthesized peptides was determined by a competition assay measur.ng 
their ability to inhibit the binding to A2.1 of the influenza matrix prote.n peptK^e. 
M,58-66,. in this assay, successful competition results in inhibition of lys,s by an 
20 M,58-66)-specific. A2.1 restricted CTL clone as illustrated in Figure 12. These 

.suits demonstrate that all of the Her-2/neu peptides synthesized were -ndeed able 
to bind A2. as indicated by inhibition of the binding of the Ml pept.de. 

Figure 1 2 illustrates the in vitro binding of peptides to A2.1/K .The 
efficiency with which each Her-2/neu-specific peptide bound A2.1/K* was determ.ne 
25 in a competitive binding assay as described herein. The binding of the test pep • e « 

the target cells could be detected by the competitive inhibition of the b.nd.ng the 

•,..enL A-specific peptid denced by a decrease in the ability of the .nfluen.a 

A-specific CTL to lyse the target cells. The competitor peptide is ident. .ed on the 
vertical axis; percent ,%) inhibition of lysis is indicated on the horizontal ax.s. Data 
30 are given in percent inhibition of lysis by each of the peptides. No inhib.t.on 

represented 71% lysis. 

To S.«™in. i. the H«-2/™>, "P""' 

,«po.« in v^., ,.ch p.p,id i ... '"21^;' 

A2 , „.nsg.nic (T,, ™c,. Sp,..n C.Us ini.cteP » sW.e. ^ 

35 1 w,.« L.. - sv.,.™.= C..S P*- P.P.«. - - - ^J- 

?2.A2.„K. ,3,9.. c.,.s p..s.d wi.S P«P«- * —""^ 
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results is shown in Table 6. Only the H3 end the H7 peptides were able to stimulate 
a CTL response. An A2-restricted CTL population specific for an unrelated peptid 
fronr, the HIV polymerase was also established for the purpose of utilization as a 
specificity control (see below). H3- and H7.specific CTL populations were 
established from both the A2.1xCD8 and A2.1 transflenic mice. CTL populations 
denved from either source demonstrated similar dose-dependency in their recognition 
Of synthetic peptides in association with A2.1 molecules on T2 target cells (see Fig. 
1 3). 

Figures 1 3A and B illustrate the efficiency of peptide recognition by Her- 
2/neu-specific CTL lines. The H7- and HS-specific CTLs established from A2.1-Tg or 
A2/K^Tg m>ce were assayed for lytic activity against the H7 and H3 peptides 
respectively. Peptides were used to pulse T2 labeled targets at the indicated ' 
concentrations. Percent specific lysis is plotted against peptide concentration 
(molar). In F.g. 13A, the open circles (o) represent H7-A2.1/K'xCD8, while the 
closed Circles (.) represent H7-A2.1. In Fig. 13B, open circles (o, represent H3- 
A2.1/K^CD8, While the closed circles (., represent H3-A2.1. Data represent lysis at 
effector to target ratios (E:T) of 1 :1 in a four-hour assay. 

2- Lvsis Pf human t..m»f^ - .nrf h7 ^pp^ jf, ,; r j] 

In order to determine if the H7 and H3 Her-2/neu synthesized peptides are 
endogenously processed and presented by cells in the context of A2.1, human tumor 
cell hnes that expressed both A2.1 and Her-2/neu were used as targets for the 
peptide-induced CTL populations. Tumor cell lines were selected representing 
different tissues of origin (breast, ovarian, colon, melanoma, osteosarcoma 
glioblastoma, and others) and characterized by FACS analysis for surface expression 
of A2 and Her-2/neu (data not shown). Tumor cells were preincubated for 24 hours 
pr.or to the assay in media supplemented with y-interferon (y-IFN, 20 ng/ml) plus 
tumor necrosis factor-a (TNF-a, 3 ng/ml). It is known that such pretreatment of 
tumor cells increases the expression of MHC I and adhesion molecules such as ICAM 
I on the surface of the cell thus enhancing their sensitivity to lysis by CTL. (See, 

« LvrnPhO. «. TYTPlriPf Rn n: 125-131 (1994); Fady, et al.. Cancer 
Immunol. ImmimnthPf ;^7. 329-336 (1993).) 

The results of these cytotoxicity experiments are summarized in Table 7 The 
data suggest that many different types of A2.1- xpressing tumors were recognized 
by the H3- and H7-specific CTL. Lysis was found to be augmented by preincubation 
m the cytokine mixture, suggesting the cell lines are not highly efficient in antigen 
presentati n. Included in all xp riments was a CTL population specific for an 
unrelated HIV peptide that was not expressed by the cells (see Table 6). 
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The degree of lysis exhibited by each tamet in th. 

u uy eacn target in the presence of this Dooulation 

.™ n.„.sp„,„c ..c.,„„^ ,„ 

fi9U,., ,4A.D »,ust,«, ,he inhibition „ specific M„s py ,n,i.A2 

g/mi PA2. 1 mAb. Percent specific Ivsl, Is p|„„ed ,g,ins, e-t 
ratio m each of Figs. 14A-D in Pm i^a . 

° cl'clesf.l represent NC|.H,355 

»b„. cose. s,„eres ,., represent .C,.H,3S=.PA2.,. ,„ PI, co.e. c , ,., 
tepresent M0A.23,, «.l,e cip.e. s,p„es ,., represent MPA..3,.PA.,. ZZ 

SAOS., S.PA2.,. ,n Pi, ,40, Cose, circles ,., represent „„i,e close,, 

<,>i=res ,., represent T^SG-PA^.,. Sinii,., r.suits were oPtein.t, v,ith the H3 CTL 

(data not shown), 

faction of h:. .oh h7 rmW -, f II , 

The fact that expression of both He.2/neu and HLA A2.1 was required to 
obtain target cell lysis bv the H3- and u-7 ^ 

.nit„ u populations suggested the target 

were ong,na,, generated. However, it is always possible that lysis is specific for a 
c.oss-react.ve epitope, and therefore we wished to confirm the CTL were indeed 
recogn.z.ng the H3 and H7 peptides presented by the human tumors Peptides rom 
t e and MCP. cells were extracted from MHC molecules ont I 

surface by ac.d elution and then fractionated by reverse-phase HPLC T2-A2/K^ 
targets were pulsed with a portion of each HPLC fraction 

AS illustrated in Fig. 15, the H3 CTL recognized a peptide that e.utes at 
fraction 38 and the H7 CTL recognized a peptide that e.utes at fraction 32 from 
e her the MOA.MB-231 or MCP-7 eel, lines. These positions correspond to the 
elufon position of the synthetic peptides, confirming that the tumor cells are lysed 
due to their presentation of these same peptides. 

tumor ?T ''''''' "'"--^ °" -'-e of 

.umor cells. Peptides from the MDA.MB.23, and MCP.7 tumor cel. lines were 

10,1??:, T ' ^ -Vtica. 

ccumn. Foil w.ng HPLC fractionation, the samples were ,yophi,ized and 

resuspended in ,00., of PBS. Fifty ,50,., of each fraction from MDA.MB.231 (Figs 
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.c. ... 

„„s .nd .ss^"" '-=■>«•""»" *• „ ,0., ,„ . ,ou,.hou. .s..y. I" 

..ch .. Fl,s. 15A.D, PTC.™ 1%) IV- » 

5 Fractions. 

- -.-^ 

of proteins such as p53 and Her |1987); 
icpo a a Slamon, et al., SriftPrfi Z^a - 
0 spectrum of tumors. (See. e.g., ^^^^ ^^^^^^^ ^^^^^.^^ 

OePotter. et aU ^^^^^^^^^^^ 3,ected according to A2-anchor 

potential AZ-binding pepfdes from Her 2/ne ^^^^^ 

motifs, and their ability to stimulate an A2.1-restr.cte 

in,munization of A2-transgenic mice. ^^^^^^^^ 

severe, Previous studies have ^^^^^^^ .aboratories have reported 

.at A2.VTg mice resp nd^ t e ^^33,,,, .^S.: Shirai. et 

H.A-A2.1 --"^^ '^^^^^^^^^^ ,^333,. ,,3 confirmed previous wor.. v.h.ch 
a,., iJmmunflLiM- 2733 2 ^^^^ ^^^^ 33,e 

20 demonstrated that humans and ^ ^.^ 

A2-restricted antigenic ep.topes from .nf.ue 

,007.015 n991. Man. et al.. — ^„,,„,3, 3ntigenic peptides 
^ M HLA transgen c mice in identiTying h 
The use of HLA transg . ^^^^ 

^ r of advantages. Most obvious among these 
presents a number of advantag j^^unogenicity of candidate 

25 . ..o. This not only provides ^^^^^^^^^^ , relatively high avidity, 

antigenic peptides, it also assures that CTL p P _^ ^.^^^ ^^^^^ 

...ough methods have been -^-oped to — V ^^^^ ^^^^^ ^^^^ 

.ethods often provide CTU ^^-^^^'^l^^^^^,, ,speiser. et al.. ^ 

..play limited amounts of endogenousi pro e« P .^^ 

.rv 0-70 Qfln (1992)). Based on results atscio« 
30 ImmUDflLJia: 972-980 (1992)) ^^^^^ ^^^^.^^^ ^3^,,^ 

antigenic peptides from human p53 (see . endogenously- 

„ rr::::;=-„:r:;::r:..'..-.---- 

therapeutic anti-tumor T cell response. ^^^^ ^^.^^ ^ ^^^^^^3, 

Or„y tw of the Her-2/neu peptides inv st.gated 
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-.uced among those which could not e.icit a rasoo 
Pept.da Which was p.eviousiy identified on the basis t ' 
'Peoples, at a,.. ^S^: 432-436 n995 , Th ""'""^ ^'^^ 
not Icnown; however, it presents the „n. k *»"«Pancy is 

T^E75„,„.„e.,s„.„,l„„"7 ."'^'''''^'"^^ ..996,,. 
cells. be recognized by human T 

-:/neu + human tumors from differpnt ti.*. 
peptides we,, „ , ! 

tment of the tumors with cytokines <y-lNF TNF al i«h k 

antt-tumor theraov mno ^ . use I L as an effective 

molecule represent d by the H3 anH M7 regions of the 

— o. e, ... ^ t r 

(1986), Bargmann, et al., NaiurgJIS: 
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. nrnuos (see e.g., loannides, et al., Crilwlnr Immunol . 15 L 225 
, by various groups (see, e.y., ^^ao-n 

. roorpr Rgs 54- 3387-3390 (1994)). 
iiQq3i- Yoshino, et al., Cnorfif ngS ga- ^^'^^ 

, ... proper. .... .-o, '2 :^2^^.^^^^ 

"""" „ n 'JLd J,... ... 1.- -'"V- °' *" ' 

tumor immunotherapy. 
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(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 amino acids 

(B) TYPE: amino acid 
g (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

Leu Leu Pro Glu Asn Asn Val Leu Ser Pro Leu 

1 

10 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 
-jg (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
Arg Met Pro Glu Ala Ala Pro Pro Val 



20 



1 5 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 
25 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:3; 

Ser Thr Pro Pro Pro Gly Thr Arg Val 

1 5 

30 

(2) INFORMATION FOR SEQ ID N0:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 
35 (D) TOPOLOGY: linear 

(ii) MOLEan:.E type: peptide 
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(2) INFORMATION FOR SEQ ID NO: 12: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 
CB) TYPE: amino acid 
(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: peptide 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
Val Met Ala Gly Val Gly Ser Pro Tyr Val 

10 



1 5 



(2) INFORMATION FOR SEQ ID NO: 13: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(xi) SEQUENCE DESCRIPTION: SEQ ID N0:13: 
Val Leu Gin Gly Leu Pro Arg Glu Tyr Val 

(2) INFORMATION FOR SEQ ID NO: 14: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
He Leu Leu Val Val Val Leu Gly Val 
1 5 



(2) INFORMATION FOR SEQ ID NO: 15: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE; amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
Val Leu Ser Pro Leu Pro Ser Gin Ala Met 

10 



1 5 



5 (2) INFORMATION FOR SEQ ID NO .16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

,Q (ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16 
Asp Leu Met Leu Ser Pro Asp Asp He 
5 



1 
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15 (2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

20 (ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:17: 
Leu Met Leu Ser Pro Asp Asp He Glu Gin 
1 

25 (2) INFORMATION FOR SEQ ID NO: IB: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

3Q (ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1B: 
Ala Ala pro Pro Val Ala Pro Ala Pro Ala Ala 
1 

35 (2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 9 amino acids 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4. 
Leu Leu Gly Arg Asn Ser Phe Glu Val 
1 5 

12) INFORMATION FOR SEQ ID NO:S: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi> SEQUENCE DESCRIPTION: SEQ ID NO:S: 

He Leu Lys Glu Pro Val His Gly Val 

1 5 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:6: 

Ala Ser Asn Glu Asn Met Glu Thr Met 
^ 5 

(2) INFORMATION FOR SEQ ID NO: 7: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Arg Gly Tyr Val Tyr Gin Gly Leu 

1 S 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 9 amino acids 
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(2) INFORMATION FOR SEQ ID NO: 23: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGV: linear 

(ii) MOLECULE TYPE: peptide 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:23: 
Ser Val Thr Cys Thr Tyr Ser Pro Ala 
5 



10 



20 



25 



30 



1 



(2) INFORMATION FOR SEQ ID NO: 24: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24; 
val Thr cys Thr Tyr Ser Pro Ala Leu 
5 



(2) INFORMATION FOR SEQ ID NO: 25: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25: 
Ala Leu Asn Lys Met Phe Cys Gin Leu 



1 5 



(2) INFORMATION FOR SEQ ID NO: 26: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE; amino acid 
25 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 
Gin Leu Ala Lys Thr Cys Pro Val Gin 



(2) INFORMATION FOR SEQ ID NO: 27: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:27: 
Trp Val Asp Ser Thr Pro Pro Pro Gly Thr 
15 10 

(2) INFORMATION FOR SEQ ID NO: 28: 
(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28: 

Ala lie Tyr Lys Gin Ser Gin His Met 

1 5 

(2) INFORMATION FOR SEQ ID NO: 29: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY; linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29: 
Gly Leu Ala Pro Pro Gin His Leu He Arg Val 
IS 10 



1 



5 



35 



(2) INFORMATION FOR SEQ ID NO: 30: 
(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 9 amino acids 
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(B) TYPE: amino acid 
(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: peptide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 
Asn Thr Phe Arg His Ser Val Val Val 
1 S 

(2) INFORMATION FOR SEQ ID NO: 31: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:31: 

Cys Thr Thr lie His Tyr Asn Tyx Met 

1 S 

(2) INFORMATION FOR SEQ ID NO: 32: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:32: 
He Thr Leu Glu Asp Ser Ser Gly Asn Leu Leu 
15 10 

(2) INFORMATION FOR SEQ ID NO: 33: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:33: 
Asn Leu Leu Gly Arg Asn Ser Phe Glu Val 
15 10 
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(2) INFORMATION FOR SEQ ID NO: 34: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34 

Pro Leu Asp Gly Glu Tyr Phe Thr Leu 

1 5 



(2) INFORMATION FOR SEQ ID NO: 35: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 
15 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 35: 

Glu Met Phe Arg Glu Leu Asn Glu Ala 

1 5 

20 

(2) INFORMATION FOR SEQ ID NO: 36: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 
25 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 36 
^Leu Leu Gly Arg Asp Ser Phe Glu Val 
1 5 

30 

(2) INFORMATION FOR SEQ ID NO: 37: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 
35 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37: 
lie lie Ser Ala Val Val Gly lie Leu 
.1 5 

(2) INFORMATION FOR SEQ ID NO: 38: 
(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 9 amino acids 
IB) TYPE: amino acid 
(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: peptide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 38: 
Lys Leu Val Gly Lys Leu Asn Trp Ala 
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I Claim: 

1 . A polypeptide capable of specifically activating cytotoxic T 
lymphocytes in vivo, wherein said cytotoxic T lymphocytes (CTLs) specifically target 
malignant cells. 

5 2. The polypeptide of claim 1, wherein said polypeptide is derived from 

human p53 protein. 

3. The polypeptide of claim 2, wherein said polypeptide has an amino 
acid residue sequence selected from the group consisting of: 

STPPPGTRV; 
1 0 LLGRNSFEV; and 

sequential subsets thereof. 

4. The polypeptide of claim 1, wherein said polypeptide is derived from 
human Her-2/Neu protein. 

5. The polypeptide of claim 4, wherein said polypeptide has an amino 
1 5 acid residue sequence selected from the group consisting of; 

KIFGSLAFL; 
VMAGVGSPYV; and 
sequential subsets thereof, 

6. A polypeptide having substantial homology with a CTL epitope 
20 selected from the group consisting of: 

STPPPGTRV; 
LLGRNSFEV; 
KIFGSLAFL; 
VMAGVGSPYV; and 
25 sequential subsets thereof. 

7. The polypeptide of claim 6, incorporated into a pharmaceutical 
composition further comprising a pharmaceutically acceptable carrier. 

8. A population of specific cytotoxic T cells capable of lysing tumor cells 
displaying a specific peptide, 

30 9. The population of claim 8, wherein said peptide is displayed 

exogenously. 

10. The population of claim 8, wherein said peptide is displayed 
endogenously. 

11. The population of claim 8, wherein said CTLs are generated via in 
35 vivo immunization. 

12. The population of claim 8, wherein said specific peptide is derived 

from p53. 
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13. The population of claim 8, wherein said specific peptide is derived 
from Her-2/Neu. 

14. A vaccine comprising an immunogenically effective amount of a 
cytotoxic T-lymphocyte-stimulating peptide. 

1 5. The vaccine of claim 14, wherein said peptide is selected from the 
group consisting of: 

STPPPGTRV; 
LLGRNSFEV; 
KIFGSLAFL; 
VMAGVGSPYV; and 
sequential subsets thereof. 

16. The vaccine of claim 14, wherein said peptide is linked to a carrier. 

17. The vaccine of claim 14, wherein said peptide is introduced into a 
mammal as a homopoiymer. 

18. The vaccine of claim 14, wherein said peptide is introduced into a 
mammal as a heteropolymer. 

1 9. A method of generating activated CTL cells in vivo, which method 
comprises contacting, in vivo, CTL cells with antigen-ioaded Class I molecules 
surface-expressed on murine cells for a time period sufficient to activate, in an 
antigen-specific manner, said CTL cells. 

20. The method of claim 19, wherein said Class I molecules are human 
Class I MHC molecules. 

21. The method of claim 19, wherein said Class I molecules are chimeric 
human-mouse Class I MHC molecules. 

22. The method of claim 19, further comprising: 

a. separating said activated CTL cells from said antigen-loaded Class I 
MHC molecules; 

b. - suspending said activated CTL cells in an acceptable carrier or 
excipient; and 

c. administering said suspension to an individual in need of treatment. 

23. A method of generating CTL cells that will target a specific population 
of cells, comprising: 

a. administering an immunog nic polypeptide specific to said specific 
population of cells to an animal, thereby generating a population of antigen- 
loaded Class I molecules displaying said polypeptides on their cell surfaces; 

b, contacting, in vivo, a populati n of CTL cells with said population of 
antigen-loaded Class I molecules for a tim period sufficient to activate, in an 
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antigen-specific manner, said CTL cells; and 
c. harvesting said activated CTL cells from said animal. 
24. The method of claim 23, wherein said polypeptide is selected from 
the group consisting of: 
5 LLPENNVLSPL; 

RMPEAAPPV; 
STPPPGTRV; 
LLGRNSFEV; 

and sequential subsets thereof. 
^ ^ 0 25. The method of claim 23, wherein said polypeptide is selected from 

the group consisting of: 
KIFGSLAFL; 
VMAGVGSPYV; and 
sequential subsets thereof. 
1 5 26. The method of claim 23, wherein said Class I molecules are human 

Class I MHC molecules. 

27. The method of claim 23, wherein said Class I molecules are chimeric 

human-mouse Class I MHC molecules. 

28. A method of specifically killing target cells in an individual using 
20 specific, activated CTLs, comprising the following steps: 

a. obtaining a fluid sample containing T cells from said individual; 

b. loading empty Class I MHC molecules with at least one species of 
antigenic peptide, wherein the peptide is substantially homologous to at least 
a portion of a peptide derived from said target cell; 

25 c. admixing said T cells with an amount of peptide-loaded Class I MHC 

molecules sufficient to produce activated CTLs; 

d. harvesting said activated CTLs; and 

e. administering said activated CTLs to said individual. 

29. A method of provoking an immune response to a tumor-associated 
30 antigen, comprising contacting a cytotoxic T lymphocyte with an immune response- 
provoking amount of a molecule comprising a peptide selected from the group 

consisting of: 

STPPPGTRV; 
LLGRNSFEV; 
35 KIFGSLAFL; 

VMAGVGSPYV; and 
sequential subsets there f . 
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30. The method of claim 29, wherein said contacting occurs in a 
mammal. 

31. The method of claim 29, wherein said contacting occurs in vitro, 

32. The method of claim 29, wherein said method further comprises 
returning said contacted cytotoxic T cells to the host. 

33. The method of claim 29, wherein said polypeptide is co-administered 
with a second polypeptide that induces a T helper response. 

34. The method of claim 29, wherein said polypeptide and said T helper- 
inducing polypeptide are conjugated to one another. 

35. A method of identifying specific cytotoxic T cells (CTLs) responsive to 
a specific T cell epitope, comprising the following steps: 

a. obtaining a test sample of lymphocytes from an individual, wherein 
said test sample is to be assayed for the presence of said specific CTLs; 

b. contacting target cells with a molecule comprising a peptide selected 
from the group consisting of STPPPGTRV, LLGRNSFEV, KIFGSLAFL, 
VMAGVGSPYV, and sequential subsets thereof, wherein said target cells are 
of the same HLA class as said lymphocytes to be tested for said specific 
CTLs; 

c. contacting said test sample with a molecule according to step b, 
under conditions sufficient to restimulate said specific CTLs to respond to 
appropriate target cells; and 

d. determining whether said test sample of lymphocytes exerts a 
cytotoxic effect on said target cells, thereby confirming the presence of said 
specific CTLs. 

36. A method of detecting specific cytotoxic T cells (CTLs) having 
receptors capable of binding a specific T cell epitope in a tissue sample, comprising 
the following steps: 

a. obtaining a test sample of lymphocytes from an individual, wherein 
said test sample is to be assayed for the presence of said specific CTLs; 

b. contacting said test sample with a molecule comprising a label and a 
peptide selected from the group consisting of STPPPGTRV, LLGRNSFEV, 
KIFGSLAFL, VMAGVGSPYV, and sequential subsets thereof, to form an 
admixture; 

c. maintaining said admixture und r suitable assay conditions f r a 
predetermined period of time, sufficient to restimulate any specific CTLs in 
said test sample to respond to appropriate target cells; 

d. harvesting such c ntacted c lis and washing with medium in the 
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absence of the labeled molecule sufficient to remove any unbound labeled 
molecule; and 

e. measuring the bound labeled molecule using suitable measuring 
means. 

37. A method of detecting anti-p53 antibodies in an individual, 
comprising: 

a. obtaining a fluid sample from an individual to be tested; 

b. adding a predetermined amount of p53 polypeptide to said sample, t 
form an admixture; 

c. maintaining said admixture under biological assay conditions for a 
period of time sufficient to allow said p53 polypeptide to immunoreact with 
any anti-p53 antibodies present in said sample; and 

d. assaying for the presence of an immunoreaction product, thereby 
confirming the presence of anti-p53 antibodies. 

38. The method of claim 37, wherein said p53 polypeptide is selected 
from the group consisting of STPPPGTRV, LLGRNSFEV, KIFGSLAFL, VMAGVGSPYV, 
and sequential subsets thereof. 

39. The method of claim 37, wherein said p53 polypeptide comprises two 
or more different polypeptides selected from the group consisting of STPPPGTRV, 
LLGRNSFEV, KIFGSLAFL, VMAGVGSPYV, and sequential subsets thereof. 

40. An assay system in kit form comprising a package containing, in an 
amount sufficient to perform at least one assay, at least one species of polypeptide 
comprising no more than about 50 amino acid residues and including an amino acid 
residue sequence selected from the group consisting of: 

LLPENNVLSPL; 
RMPEAAPPV; 
STPPPGTRV; 
LLGRNSFEV; and 
sequential subsets thereof. 

41. The assay system according to claim 40, wherein said polypeptide is 
affixed to a solid matrix. 

42. The assay system according to claim 40, wherein said polypeptide 
comprises more than one species of polypeptide and wherein said species are pres nl 
as an admixture. 

43. The assay system according to claim 40, further including, in a 
separara package, a labeled specific binding agent for signaling the presence of a 
polypeDtide-containing immunoreaction product. 
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44. An assay syst m in kit form comprising a package containing, in an 
amount sufficient to perform at least one assay, an antibody combining site- 
containing molecule capable of immunoreacting with a tumor-associated antigen. 

45. The assay system according to claim 40, wherein said molecule is 
affixed to a solid matrix. 

46. The assay system according to claim 40, wherein said molecule is 

labeled. 

47. An antibody molecule that immunoreacts with a polypeptide 
according to claim 1 . 

48. An antibody molecule according to claim 47, wherein said antibody 
molecule is monoclonal. 

49. An antibody molecule according to claim 47, wherein said antibody 
molecule is polyclonal. 

50. A composition comprising one or more antibody molecules according 
to claim 47. 

51. A hybridoma capable of secreting an antibody according to claim 47. 

52. A molecule comprising a polypeptide having substantial homology 
with a CTL epitope selected from the group consisting of: 

STPPPGTRV; 
LLGRNSFEV; 
KIFGSLAFL; 
VMAGVGSPYV; and 
sequential subsets thereof. 

53. The molecule of claim 52, wherein said molecule comprises at least 
about eight amino acids and fewer than about 50 amino acids. 

54. The molecule of claim 52, wherein said molecule comprises at least 
about eight amino acids and fewer than about thirteen amino acids. 

55. The molecule of claim 52, wherein said polypeptide has an amino acid 
residue sequence substantially homologous to that of any of said CTL epitopes. 

56. The molecule of claim 52, wherein said polypeptide is conjugated to a 
substance, wherein said substance is selected from the group consisting of a 
radiolabei, an enzyme, a fluorescent label, a solid matrix, a carrier, and a second CTL 
epitope. 

57. The molecule of claim 52, wherein said substance is a second CTL 

epitope. 

58. Th m lecule of claim 52, wher in said second epitop is a T h Iper 



pit pe. 
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59. The molecule of claim 52, wherein said carrier comprises an 
Immunogenic lipid or protein. 

60. The molecule of claim 52, wherein said polypeptide is conjugated to 
said substance indirectly by a linker. 
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% SPECIFIC LYSIS OF EA2/Kb TARGETS 



Lane 1 represents lysis of targets by an Ml specific, A2.1 restricted 
CTL clone in the absence of addition of the Ml peptide. Lanes 2-9 all 
received 0.1 ug of the Ml peptide of influenza along with 10 ug of 
the following: 

2. FLU NP 365-373 

3. VSV-N-52-59 

4. HIV-Pol 510-518 

5. p53 264-272 

6. p53 149-157 

7. p53 65-73 

8. p53 25-35 

9 none FIG. 1 
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Oncogene, Volume 9, issued July 1994, Pietras et al, "Antibody 
to HER-l/neu receptor blocks DNA repair after cisplatin in human 
breast ovarian cancer cells", pages 1829-1838, especially pages 
1830-1835. 

Proceedings of the National Academy of Sciences USA, Volume 
89, issued November 1992, Epstein et al, "Synthetic 
phosphopeptide immunogens yield activation-specific antibodies to 
the c-erbB-2 receptor", pages 10435-10439, especially see pages 
10435-10437. 

European Journal of Immunology, Volume 25, issued June 1995, 
Tilkin et al, "Primary proliferative T cell response to wild-type 
p53 protein in patients with breast cancer", pages 1765-1769, 
especially see pages 1765-1769. 

Journal of Immunotherapy, Volume 14, No. 2, issued August 
1993, Nijman et al, "Characterization of cytotoxic T lymphocyte 
epitopes of a self-protein, p53, and a non-self protein, influenza 
matrix: relationship between major histocompatibility complex 
peptide binding affinity and immune responsiveness to peptides", 
pages 121-126, especially see page 122-124. 
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Box I ObsemUons where ccrUin cUuxu were fouad unsearchable (ContinuaUon of item I of first sheet) 



This intcnutiona] report has not been established in respect of certain claims under Article 17{2)(a) for the foUowing reasons: 
1. I I Claims Nos.: 

*— — ' because they relate to subject ma tier not required to be searched by this Authority, namely: 



2. rn Claims Nos.: 

^—^ because they relate to paru of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out. specifically: 



3. Q CUims Nos.: 

because they are dependent claims and are not drafted in accordance with the secorxJ and third sentences of Rule 6.4<a). 

Box II Observations where uoity of LaYeotjon is lacking (CootiDuation of item 2 of first sfaeet) 
This International Searching Authority found multiple inventions in this international application, as follows: 
Please Sec Extra Sheet. 



1 . I x| As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 

claims. 

2. I I As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 

3. I [ As only some of the required additional search fees were timely paid by the applicant, this inlemaliona! search report covers 

only those claims for which fees were paid, specifically claims Nos.: 



4. I I No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest [ | The additional search fees were accompanied by the applicant's protest. 

[ I No protest accompanied the payment of additional search fees. 
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A. CLASSinCATlON OF SUBJECT MATTER: 
US CL : 

424/93.71, 1S4.K 185.1. 193.1; 435/7.1. 7.24. 240.21. 240.27; 514/15; 530/300. 324. 327. 328. 350. 387.1. 388.75 

BOX II. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple invcnlioni as follows: 

I. Claims 1-7. 14-18. 29-34. 40-46, and 52-60. drawn lo a polypeptide, vaccine, method of provoking an 
immune response, assay system, a molecule comprising a polypeptide, population of Tcells. 

II. Claims 8-13, 19-27. and 28, drawn lo a method of generating activated CTL cells in vivo, a method of using 
CTL cells. 

III. Claims 35-36, drawn to a method of identifying CTL cells. 

IV. Claims 37-39. drawn to a method of delecting anti-;53 antibodies. 

V. Claims 47-51. drawn to an antibody and ila hybridoma. 

This appUcaUon conUins the foUowing inventions or groups of mventions which are not so linked as to form a single 
inventive concept under PCT Rule 13,1. In order for all inventions to be examined, the appropriate additional 
examination fees must be paid. 

The inventions Usted as Groups 1. U. III. IV and V do not relate to a single inventive concept under PCT Rule 13.1 
because, under PCT Rule 13.2. they lack the same or corresponding special technical features for the following reasons: 
the special technical feature found in the invention of Group I is a method of generating and using activated CTL celU 
in vivo. The special technical feature found in the invention of Group II is a method for producing specific population 
of activated CTL ceUs in vivo. The special technical feature found in the invention of Group III is a method for 
identifying specific CTL cells with receptors for binding a specific T ccU epitope. The special technical feature found 
in the invention of Group P/ is a method of detecting anu-p53 antibodies. The ipccUl technical feature found m the 
mvention of Group V is antibodies to a CTL activating polypeptide and its hybridomas. Since Groups I-V do not share 
the same or a corresponding spccUl technical feature within the meaning of PCT Rule 13.2 so as to form a single 
general inventive concept, the claims lack unity of invention. 
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